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A B S T R A C T

The stratigraphy of the Comanche Series of north Texas is
reviewed and the stratigraphic distribution of the ostracode species
within this series is related to published measured sections.

Formations

of the Fredericksburg and Washita groups exposed in parts of Parker,
Tarrant, and Denton counties, Texas, are included in the study.
A total of 70 ostracode species, including 22 new species and
subspecies, were identified from these formations.
described.

One new genus is

The distribution of 65 easily recognized and relatively

common species reveals that no species occurs at all horizons within
its stratigraphic range in the area of study.
Laterally equivalent stratigraphic horizons and superadjacent
formations are compared in Q-mode using Dice similarity coefficients.
The distribution of the species and the Q-mode comparisons show that
the ostracode fauna in these formations may change rather rapidly
either laterally or vertically.

The lateral and vertical changes of

fauna are somewhat more pronounced in the formations deposited in
shallow waters than in the formations deposited in the deeper waters.
Additionally, the Q-mode comparisons show that the ostracode species
of the Kiamichi Formation have greater affinity to the species of the
Fredericksburg Group than to the species of the Washita Group.

viii

I N T R O D U C T I O N

PREVIOUS COMANCHE SERIES OSTRACODA STUDIES

The first descriptions of Cretaceous Ostracoda were by von Munster
(1830) who described fourteen species from Cretaceous and Tertiary local
ities in France and Germany.

Numerous other European workers continued

the work begun by von Munster, however in most of the early studies the
specific definitions were very broad, and the specimens came either from
a single locality or a group of neighboring localities.

As a result of

these factors, the stratigraphic ranges as recorded by these early
workers are imprecise.

The monograph published by Jones and Hinde (1890)

made important contributions to the study of Cretaceous Ostracoda in
helping to clear the synonymy of the various species, and in demonstrating
by means of tables the vertical and horizontal distribution of the various
Cretaceous species of Europe.
The first significant paper published on ostracodes from the
Comanche Series of North America was by Vanderpool (1928).

Other minor

contributions to the knowledge of Cretaceous ostracodes of North America
were made about this same time.
With the publication of Alexander's Ostracoda of the Cretaceous
of North Texas (1929) a taxonomic revolution took place in the nomencla
ture of Cretaceous Ostracoda.

In Alexander's study those species of

ostracodes which he considered most useful in correlation of the north
Texas Cretaceous were described and their stratigraphic ranges were given.
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Unfortunately, these species were listed only as being present within a
formation, and were not related to measured sections.

Alexander did not

indicate physical criteria by which he recognized the various formations.
Alexander (1929) considered Cythereis wintoni Alexander to be
restricted to the Fort Worth Limestone in north Texas and Protoeythere
aiexandevi Howe and Laurencich (=Cythere triptioata Alexander) to be one
of the best markers of the upper Grayson Marl.

Observations by Kessinger

(1967) of the occurrence of specimens of Cythereis wintoni and Protoeythere
aiexandevi at the same stratigraphic level in a portion of the Comanche
Series on the Llano Estacado region of Texas emphasized the importance of
knowing more precisely the stratigraphic range of the Ostracoda in the
north Texas "standard" section.

The present study demonstrates the

biostratigraphic distribution of the Ostracoda in the north Texas area
and relates this distribution to measured Comanche stratigraphic sections
published by Perkins (1961).
The field work for this study was done during the summer and fall
of 1969 and the spring and fall of 1970.

The various stratigraphic

boundaries and sites of collection were determined while in the field with
Dr. Bob F. Perkins and Dr. W. A. van den Bold on a trip to the area of
study in April 19&9•

LOCATION AND GEOLOGIC SETTING

The area of study located in east central Parker County is bounded
by the parallels 32°l+7' N. and 320b2, N. , and on the west by the meridian
91+°WI W.; in western Tarrant County, the area is bounded by the parallels
32°50' N. and 32°3V N. and on the east by the meridian 97°15' W.; and in
south central Denton County, the area is bounded by the parallels 33°3' N.

3
and 33°0' N. and by the meridians 97°9' W. and 97°11' W.

See Plate 8.

This area is almost entirely within the Grand Prairie district
(Hill, 1901).

The Grand Prairie is the narrow eastern margin of the

Central Texas section of the Great Plains province and the southeastern
margin of the Osage Plains section of the Central Lowlands province.

The

Grand Prairie may almost be called a rolling plain developed on the alter
nating shales, marls, and limestones of the Fredericksburg and Washita
groups.
The area is bounded on the west by the eastern margin of the
Western Cross Timbers district and on the east by the western margin of
the Eastern Cross Timbers district.

These districts are developed on the

sandy soils derived from the weathering of the underlying Trinity Group
and the overlying Woodbine Sandstone of the Gulf Series respectively.
The rocks of the Cretaceous Comanche Series in north Texas were
deposited on a subaerially eroded surface developed on Paleozoic rocks.
The Comanche strata in the area of study strike approximately N. 5° E.
and dip eastward at k2 - 52 feet per mile (Perkins, 1961).

In the larger

valleys, the Cretaceous formations of this area are covered by uncon
solidated fluvial deposits of Cenozoic age.
The maximum relief developed in the area of study is about 1+50
feet.

The highest eleva,tions (about 1000 feet) are found at the western

margin in Parker County.

The topography slopes generally downward in the

direction of structural dip, and the lowest elevations are found in Denton
County where they are about 550 feet above sea level.

METHOD OF INVESTIGATION
Samples were collected from the various beds in formations from

the Walnut Marl through the Buda Limestone to give as nearly complete
stratigraphic collection as possible.

The locations, from which these

collections were made, were selected so that they could be correlated
with the measured sections published by Perkins (1961).
Samples were collected from all the shale and marl beds in each
formation at each lithologic change, and from most of the limestone beds
in each formation.

Beds of shale and marl between four and six feet in

thickness were sampled near the top and bottom of the unit; beds of shale
and marl exceeding six feet in thickness were collected at regular inter
vals usually not more than five feet apart vertically.

Care was taken

to collect only unweathered samples which were stratigraphically in place
It was found that some of the individual beds recognized by
Perkins (1961) were no longer apparent at the time of the present study.
In some instances, these beds were covered by slump of the overlying beds
in other cases portions of the sections have been covered by land fill
or altered by construction.
Shale and marl samples were either dried in an electric oven or
allowed to air-dry prior to being washed.

The most satisfactory method

of washing the shale samples was found to be by drying in an oven and,
while still hot, covering the sample with varsol.

Samples thus treated

disintegrated very rapidly and almost completely when washed with hot
water.

Treatment of marl samples with varsol normally had little effect

on the disintegration of the sample.

Marl samples could sometimes be

broken down with the aid of "Quaternary 0", but this method was generally
unsatisfactory.

The most satisfactory disintegration of marl samples

was usually achieved when the sample was first dried, and then either
allowed to soak or was boiled in water containing sodium carbonate.
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Limestones were first crushed and then washed with sodium carbonate.

The

recovery of ostracodes from most limestones was generally very poor.
Each sample of approximately 200 grams was prepared for exam
ination for the microfauna.

The amount of residue remaining after prepa

ration varied according to the lithology of the sample.

The least amount

of residue remaining after washing was generally from the shales of the
Marys Creek Marl Member of the Goodland Formation, the Kiamichi Shale,
and the shales of the upper Grayson Marl.
The amount of prepared residue examined from each sample depended
on the abundance of the ostracodes in the sample.

In samples containing

relatively few ostracodes, the entire amount of the residue was examined
and all ostracodes were removed; in samples where the ostracode fauna was
abundant, the sample was first divided and only one-half of the sample was
thoroughly examined.
$ince it is impossible to determine the rate of sediment accumu
lation of the various stratigraphic beds, and because this is possibly
one of the more important factors determining the abundance of fauna
within a bed, the amount of sample examined from each bed was deemed to
be of limited significance.
The following terms have been used in the present study to indicate
the frequence of the species within a sample.

Abundant

more than 20 specimens

Common

between 6 and 20 specimens

Rare

between 2 and 5 specimens

Single

1 specimen

S T R A T I G R A P H Y

INTRODUCTION

The correct sequence of strata comprising the Cretaceous of
Texas was first shown by R. T. Hill (1887a) with a structural dip section
in north Texas.

Hill showed that obvious differences in lithology,

faunal content, and topographic expression were apparent in these
formations.

These Cretaceous strata were divided by Hill into two series,

each of which was believed to represent a more or less complete sucession
of transgressive and regressive deposits.

Hill applied the name Comanche

to the lower series and Gulf to the upper series.
In regard to the subdivision of the series Hill (1901) states:
In rdsum£, it may be said that each of the series is
divided into three conspicuous divisions; each division is
divisible into formations, and each formation into the indi
vidual beds which compose it. Again, finally it may be said
that in continuous series of sediment like those under dis
cussion, the individual strata or beds are the true units,
and the grouping of these units into categories and the
division of the series into subdivisions is dependent solely
upon the opinions of the individual.
Since the time of the above statement by Hill, the subdivision
of the Comanche Series has been justified by physical data from the rocks
being interpreted in two methods: (l) by placing together genetically
related rock units to form groups without consideration being given to
the lateral time equivalence, or (2) by placing together genetically
related rock units to form divisions with the choice of boundaries being
controlled by evidence of approximate lateral time equivalence.

6

This

T
two-fold method of dividing the Comanche Series was first started byHill.
Hill (1887a) originally divided the Comanche Series into two
"divisions".

Later, Hill (1888) recognized an older division which he

named the Trinity. That Hill failed to distinguish between rock and
time-rock units is demonstrated by his use and definition of the term
"division" (Hill, 1901, p. 118) as a "comprehensive term of the writer
intended to include subgroups of paleontologically or lithologically
allied beds of strata."
In the preliminary subdivision of the Comanche Series which Hill
(1887a) based on the Fort Worth section, he applied the name Fredericks
burg to the lower division because its paleontologic features were similar
to those near Fredericksburg, Texas, originally published by Roemer
(l8i+9, 1852).

The Washita division was so named because its fossils

were similar to those collected near Preston, Texas, and Fort Washita,
Oklahoma, by G. G. Shumard and described by B. F. Shumard (l853, 185^,
i860, and l86l) and Jules Marcou (1862).

At the time Hill applied these

terms (Fredericksburg and Washita), he had visited neither of the type
sections from which he derived the names (Hill, 1901, p. 118), but based
his correlations on published data concerning the localities described
by Roemer, Shumard, and Marcou.
In the Fort Worth area, Hill arbitrarily drew the line between
the Fredericksburg and Washita divisions above the zone of Venezot-taevas
aautocarinatum (Shumard) (=Ammonites acutocavinatus Shumard), and at the
base of the Kiamichi Shale which is, lithologically, the most contrasting
and abrupt change in the Comanche Series.

Hill placed the upper boundary

of the Fredericksburg at the top of the limestones of the Edwards

A

8
Formation throughout its extent.

Later investigations showed that V.

aautoaarinatum occurs in some areas in the basal beds of the Washita
Group.
While Hill primarily used the terms Fredericksburg and Washita
in the lithologic sense, some later workers have used them as assemblage
zones or stages.

The present writer concurs with those workers who prefer

to consider the terms Trinity, Fredericksburg, and Washita as stratigraphic
groups rather than assemblage zones or stages, and will follow this usage
in the present paper.

A resume of the main concepts of subdivision of

the Comanche Series may be found in Wilmarth (193.8), Murray (1961),
Keroher, et. al. (1966), and Young (1967).

GENERAL STRATIGRAPHY

The Comanche Series in north Texas unconformably overlies the
Paleozoic strata.

The Comanche Series is interrupted by a widespread

unconformity between the Trinity and Fredericksburg groups and is
terminated by another areally extensive unconformity at the top of the
Washita Group.

In the present investigation, a composite section of

the Comanche Series has been selected between the unconformities which
occur at the base of the Fredericksburg Group and at the top of the
Washita Group.

The stratigraphic terminology and subdivision of this

portion of the Comanche Series follows that of Perkins (1961).

A

comparison of this terminology with earlier subdivisions of the Comanche
Series is given in Figure 1.

Thicknesses and lithological character

istics of the formational units are summarized in Figure 2.
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FREDERICKSBURG GROUP

Hill (1887a) applied the name Fredericksburg to those rocks in
the Fort Worth, Texas, area containing fossils similar to those described
by Roemer from strata near Fredericksburg, Texas.

At this time the

Fredericksburg was the lowest recognized division of the Comanche Series
in Texas.

Hill and later workers have variously emended the term

Fredericksburg to include different parts of the stratigraphic section.
Wilmarth (1938) and Keroher, et. al. (1966) give an excellent account
of the usage of the term Fredericksburg.

In the present paper, the

Fredericksburg Group is considered to include the Walnut Marl and the
Goodland Formation.

WALNUT MARL

The name Walnut was first used by Hill (1891) for the beds of
Cevatostreon texanim (Roemer) {-Exogyra texana) exposed at Walnut Springs,
Bosque County, Texas.

Subsequent writers have placed the upper and lower

stratigraphic boundaries of the Walnut Formation at different horizons.
As the result of the inclusion of different parts of the stratigraphic
section within these boundaries, the reported thickness of this formation
in the area of study has varied from 27 feet

upward to 170 feet. A

summary of these usages can be found in Perkins (1961) and Keroher, et.
al. (1966).
Winton and Adkins (1920) placed the upper contact of the Walnut
Formation at the topmost massive ledge of Texigryphaea muaronata (Gabb)
(=Gryphaea rrruavonata).

The use of this marker as the upper boundary was

followed by Perkins (1961).

Winton and Adkins also included 100 feet of
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sand, marl, and shell lenses in the Walnut Formation which were considered
to be a part of the underlying Paluxy Formation by Perkins.

Alexander

(1929) included these Paluxy sands in the Walnut Formation in his study
of the Cretaceous Ostracoda of north Texas.
In the present study, the name Walnut is used for the yellow and
gray shell-bed-bearing marls which lie unconformably above the nonmarine upper Paluxy Sand and conformably below the basal blue marl of
the Goodland Formation.

The Walnut Marl is about 25 feet thick and

consists of beds of Texigryphaea mucvonata (Gabb) and Cevatostreon
texarwm (Romer) alternating with thin marl units.

The lower 15 feet of

the formation consists of thin indistinctly bedded shelly and calcareous
marls.

The upper 10 feet of the formation is massive hard blue shell

beds up to 5 feet in thickness and separated by thin marl seams.

Zonal Guide Fossil (Perkins, 196l)
Texigryphaea muoronata (Gabb):

Walnut Marl (Also

found in the Goodland Formation)

GOODLAND FORMATION

The name Goodland Formation was first applied to a single
persistant layer of limestone at Goodland, Choctaw County, Oklahoma, by
Hill (l89l).

This is the present site of Good Switch on the St. Louis

and San Francisco Railroad and not the present day Goodland, Oklahoma.
The name Goodland Formation is used in the present paper.

Some

writers have considered these strata equivalent to the Comanche Peak
Formation of central Texas, and have perferred to use the term Comanche
Peak which has priority over the term Goodland.

However, the lateral

relationship of the Goodland Formation of north Texas with the Comanche
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Peak Limestone of central Texas is still unsettled (see Wilmarth, 1938;
Perkins, 1961; Hendricks, 1967; and Young, 1967).

The name Goodland

Formation has been retained in north Texas by the United States Geological
Survey, and is used by most recent workers in north Texas.
The Goodland Formation is approximately 120 feet thick in the area
of study.

This formation has been divided into the Marys Creek Marl and

the Benbrook Limestone members in the Tarrant County area by Perkins (1961).

Zonal Guide Fossil (Perkins, 1961)
Texigryphaea muoronata (Gabb):

Goodland Formation (Also

found in the Walnut Marl)

Marys Creek Marl Member
The name Marys Creek Marl was proposed by Perkins (l96l) for the
lower marls and marly limestones of the Goodland Formation exposed in
western Tarrant- County, Texas.
•

This member of the Goodland Formation is

•

gradational above the Walnut Marl, and the lower boundary was placed
arbitrarily at the uppermost resistant massive shell bed of the Walnut
Marl.

The upper limit of the Marys Creek Member is considered to be the

top of the interstratified sequence of thin marls and limestone under
lying the more massive limestone layers of the Benbrook Member.
Alexander (1929) did not adequately define his boundary between
the Walnut Marl and the overlying Goodland Formation, but it is believed
by the present writer that a portion of the Marys Creek Member was
included in the Walnut Formation by Alexander.
The Marys Creek Marl Member consists of 51 feet of interstratified
blue marls, marly limestone, and several hard fossiliferous limestones
at the type locality along Marys Creek.

There is an easily recognized

lU
Texigryphaea muaronata (Gabb) shell bed about 6 feet below the top of the
Marys Creek Marl Member.

Benbrook Limestone Member
Perkins (1961) proposed the name Benbrook Limestone Member for
the more massively bedded limestones and marly limestones of the upper
Goodland Formation exposed in western Tarrant County, Texas.

This

member is 70 feet thick where it is exposed in bluffs along Marys Creek
at the type locality.
The base of the Benbrook Limestone Member is the massively
bedded limestone above the thinly bedded limestone and marls of the Marys
Creek Marl Member.

The upper limit of the Benbrook Member is marked by

an abrupt lithologic change from limestone to the basal arenaceous marls
of the Kiamichi Formation.

The contact of the Benbrook Limestone with

the Kiamichi Formation appears to be conformable.

WASHITA GROUP

The Washita Group as defined by Hill (1887a) was composed of
those limestones, sandstones, shales, and marls which everwhere followed
cessation of deposition of the purer "Caprina" (Edwards) Limestone and
underlying the Woodbine Sandstone.

Subsequent usage of the term Washita

as both a lithologic group and as a stage or assemblage zone by later
workers has resulted in the boundary between the Fredericksburg and
Washita "divisions" being placed at different stratigraphic horizons.
This usage can be seen in Winton and Adkins (1920), Adkins (1933), Scott
(1933), Wilmarth (1938), Lozo (19^3, 19^*0 * Frizzell (195M9 Perkins
(1961), Keroher, et. al. (1966), and Bishop (1967).
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In the present work the Washita will be considered a lithologic
group consisting, in ascending order, of the Kiamichi Formation, Duck
Creek Formation, Fort Worth Limestone, Denton Formation, Weno Formation,
Pawpaw Shale, Main Street Limestone, Grayson Marl, and Buda Limestone.

KIAMICHI FORMATION

The name Kiamichi (orginally called Kiamitia) was given to the
black marly clays containing abundant Tex-Lgvyphaea navia (Hall)
(=Gvyphaea pitoheri), and which are exposed on the plains of the Kiamichi
River in Choctaw County, Oklahoma.
In Tarrant County, Texas, the Kiamichi Formation is apparently
conformable above the Goodland Formation.

Adkins (1933) reported a

possible unconformity between the Kiamichi Formation and the overlying
Duck Creek Formation.

Adkins cited the reported occurrence of rounded

pebbles and transported debris at this contact made by W. M. Winton and
Gayle Scott.

Evidence of this unconformity between the Kiamichi and

Duck Creek formations has not been reported by most later workers in this
area, and no physical evidence was observed by the present writer.
However, there is a major change in the species of Ostracoda that occur
on either side of this boundary, and the species of Ostracoda in the
Kiamichi Formation are more similar to the species found in the Fred
ericksburg Group than to those species found in the Washita Group in the
present area.
Bishop (1967) reports approximately U5 feet of Kiamichi Formation
in Tarrant County, Texas, with thinning of the formation occurring to
the north and the south of the area.

His measured sections show the

Kiamichi to be variable in thickness from the Red River to central Texas,
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however, he does not satisfactorily demonstrate the northward thinning
of this formation.
Perkins (1961) reported that the Kiamichi Formation thinned from
35 feet in northern Tarrant County to about 27 feet in the southern part
of the county.
In Tarrant County, the Kiamichi Formation consists principally
of calcareous, slightly silty clays, yellow and bluish gray marls, and
a few thin flaggy beds of limestone and sandstone.

The lower 15 feet of

this formation contains numerous thin lenses of sandstone interbedded
with black waxy shale and hard fossiliferous limestone.

The middle part

of the formation is less arenaceous than the lower and upper parts, and
is composed of marls and marly limestones and shell beds of Texigryphaea
navia (Hall) at several levels.

The uppermost 5 feet consists of

arenaceous marls.

Zonal Guide Fossil (Perkins, 1961)
Texigryphaea navia (ifall)

DUCK CREEK FORMATION

Hill (1891) named the white chalky limestones and chalky marls
exposed along Duck Creek in Grayson County, Texas, the Duck Creek Chalk.
In 1901, Hill used the term Duck Creek Formation for this same sequence
of beds.
Winton and Adkins (1920) divided the Duck Creek Formation in the
Fort Worth, Texas, area into four members, and suggested that the name
Duck Creek be restricted to the lower two members of the formation.

In

that report, Winton and Adkins also recommended the inclusion of the upper
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two members of the Duck Creek Formation in the Fort Worth Formation as
the upper members of the Duck Creek were paleontologically more similar
to the overlying Fort Worth Formation than to the lower part of the Duck
Creek Formation.
McGill (1956, 1967) grouped the two middle units recognized by
Winton and Adkins into a single unit and divided the Duck Creek Formation
into three members in Tarrant County, Texas.

McGill suggested that the

upper limestone of the middle member would make a more distinct and
easily mapable unit than the presently recognized boundary, and that the
rhythmical alternation of shale and limestone of the upper member is
more characteristic of the overlying Fort Worth Formation.

This usage

suggested by McGill was followed by Slocki (1967).
The present writer has used the term Duck Creek Formation as it
was originally defined by Hill and used by Perkins (1961).
In the area of study, the Duck Creek Formation consists of a
lower thickly bedded limestone characterized by abundant large burrow
fillings commonly 8 inches in diameter (see Perkins and Stewart, 1971)•
These burrow fillings obscure the bedding and give a distinctive nodular
appearance to individual beds within the formation.

Large casts of

Eopaohydisaus bvazoensis (Shumard) are common in this part of the forma
tion.

This lower limestone unit thins from approximately ^5 feet in

thickness in the northern part of Tarrant County, Texas, to about ^0
feet in the southern part of the county.
The upper portion of the formation consists of alternating thin
gray marls and gray marly limestones.

The large burrow fillings charac

teristic of the lower Duck Creek are absent in the thin marls and marly
limestones of the upper part of the formation, however, small specimens

from one-half to one inch in diameter are not uncommon.

This represents

a change of faunal elements with the change of depositional environments
(see Perkins and Stewart, 1971).

The upper marls and limestones thin

from approximately 15 feet in the northern part of the county to 13 feet
in the southern part of the county.
The Duck Creek Formation is apparently conformable with the
overlying Fort Worth Limestone.

Zonal Guide Fossils (Perkins, 1961)

Peaten (Neithea) bellulus Cragin:

Upper 10 feet of the

Duck Creek Formation.

(Also in the

lower 10 feet of the Fort Worth
Limestone)

Pervinqu-ieria equidistans (Cragin):

Upper 10 - 20 feet

of the Duck Creek Formation.

Idiohamites fremonti (Marcou) (=J. comanchensis (Adkins
and Winton)):

Lower ^ feet of the

Duck Creek Formation.

FORT WORTH LIMESTONE

Hill first used the name Fort Worth or Washita Limestone in 1889
for those limestones above the Fredericksburg and below the Ilymatogyra

arietina (Roemer) (=Exogyra arietina) clays.

Hill later (1891) restricted

the name to the limestone overlying the Duck Creek Formation and under
lying the Denison beds, and indicated that typical exposures of the
formation are near the public square and numerous quarries and ra.ilroad
cuts in Fort Worth, Texas.

This is the presently accepted definition of

the Fort Worth Limestone recognized "by most workers in this area.

Dif

ferences of opinion do exist, however, as to where the exact boundary
between the Duck Creek Formation and the Fort Worth Limestone should be
placed.
McGill (1956, 1967) reports 3 feet of Fort Worth Limestone, over
lying some 1^ feet of Duck Creek Formation, exposed in the bluffs at the
intersection of Riverside and Lancaster drives in Fort Worth, Texas.
Perkins (1961) reports a complete section of Fort Worth Limestone exposed
at this same locality.

The present writer has accepted the stratigraphic

boundaries used by Perkins (1961).
The Fort Worth Limestone consists of alternating beds of dense
gray limestone and gray marls.

Some of the limestone beds contain masses

of burrow fillings generally somewhat smaller than those found in the
Duck Creek Formation.

This formation is conformable with the underlying

Duck Creek Formation and the overlying Denton Formation.

Zonal Guide Fossils (Perkins, 196l)

Drakeoceras maximum (Lasswitz):
Macraster elegans Shumard:

Fort Worth Limestone

Fort Worth Limestone

Peeten (Neithea) bellus Cragin:

Lower 10 feet of the

Fort Worth Limestone and the upper
10 feet of the Duck Creek Formation

DENISON FORMATION

The term Denison was first used by Hill (1889a) for the sequence
of "clays and impure limestones containing an abundant littoral fauna"
north of Denison, Grayson County, Texas.

Hill (1891, 189^, and 1901)

redefined and divided these beds into subdivisions.

20
Stephenson (1918) recommended thai the subgroup names introduced
by Hill (1901) be abandoned and proposed the Denison Formation to be
divided, in ascending order, into the Denton Clay Member, the Weno Clay
Member, the Pawpaw Sandy Member, the Main Street Limestone Member, and
the Grayson Marl Member.

Winton and Adkins (1920) raised these members,

introduced by Stephenson, to formational rank and dropped the term
Denison Formation.

Perkins (l96l) used the terminology introduced by

Stephenson (1918) and gives the history of the use and subdivision of the
term Denison Formation.
The present writer has used the boundaries between these various
members as recognized by Perkins (1961).

However, in the present paper,

the terminology of Winton and Adkins (1920), currently used by the United
States Geological Survey, has been followed, and the terms Denton, Weno,
Pawpaw, Main Street, and Grayson are considered to have formational
status.

DENTON FORMATION

The name Denton was applied by Taff (1893) to a friable blue marl
and shell bed sequence on Denton Creek, Denton County, Texas,

For a

r£sum£ of subsequent usage of the name Denton see Hill (1901), Stephenson
(1918), Winton and Adkins (1920), Wilmarth (1938), Perkins (1961), and
Keroher, et. al. (1966).
In the Tarrant County, Texas, area, the Denton Formation consists
of about 35 feet of gray marly limestone and gray marls with weakly con
solidated shell beds occurring near the top of the formation.

This forma

tion is conformable above the underlying Fort Worth Limestone and grades
into the overlying Weno Formation with no marked change in lithology.
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The boundary between the Denton Formation and the overlying Weno
Formation in Tarrant County has been placed at the top of the weakly
consolidated shell beds occurring in this sequence of beds.
In Tarrant County, the Denton Formation is best exposed along
Sycamore Creek from Cobb Park southward to Seminary Drive.

WENO FORMATION

The name Weno was applied to the brownish clay marls, marly clays,
and impure limestones near Weno, about 5 miles northeast of Denison,
Grayson County, Texas, by Hill (1901).

In that report Hill considered

the Weno subgroup of the Denison beds to both include and exclude the
"Quarry Limestone" (Wilmarth, 1938).

The "Quarry Limestone" is now

considered the basal bed of the Pawpaw Formation by the United States
Geological Survey (Wilmarth, 1938).
Alexander (1929) reported the Weno Formation to be 65 feet thick
in Tarrant County, Texas, thinning to about H feet at an undesignated
location south of Tarrant County on the Brazos River.

McGill (1956,

1967) recognized a slight thinning of the Weno Formation to the south
from about 53 feet of thickness along Sycamore Creek in Tarrant County,
but at a much slower rate of thinning than reported by Alexander.
McGill's reported rate of thinning is confirmed by Dixon (1967).

Perkins

(l96l) recognized about ^5 feet of Weno Marl along Sycamore Creek in
Tarrant County.
North of Tarrant County, Winton (1925) reported the Weno For
mation thickened from 66 feet in southern Denton County, to 105 feet in
northern Denton County, Texas.

Slocki (1967), however, states the Weno

does not thicken northward from Tarrant County, but remains relatively
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constant in thickness throughout the area.

Slocki (1967) reports about

UU feet of Weno in northern Denton County.

In

his report, he assigned

much of the section in northern Denton County considered to be Weno by
other workers to the underlying Denton Formation.
The reported differences in thickness of the Weno, especially
by Perkins and McGill, apparently lies in their placement of the
boundary between the Weno and the underlying Denton Formation.

These

formations are gradational with no abrupt change in lithology in the
area of study.
Along Sycamore Creek, in Tarrant County, Perkins reports Gervillia

invaginata (White) {=Gevvilliopsis invaginata (White)) in the lower 6 feet
of the Weno Formation, while McGill reports 'that this same marker occurs
as a thin zone 18 feet above the base of the base of the formation.
The lower part of the Weno Formation in the Fort Worth area
consists largely of gray marls and some lenticular limestone lenses.

The

carbonate content of the formation increases in the upper Weno forming
numerous thick limestone beds.

Several limestone beds in both the lower

and the upper part of the Weno Formation show large numbers of burrow
fillings (see Perkins and Stewart, 1971).

This formation is conformable

above the Denton Formation.

Zonal Guide Fossils (Perkins, 196l)

Cribratina texana (Conrad) (=Haplostiohe texana):
Upper 15 feet of the Weno Formation
(Also found in the Pawpaw Shale)

Mortoniceras wintoni (Adkins):

Upper 10 feet of the

Weno Formation
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TuTviteHa ventvivoluta Cragin:

Lower 35 feet of the

Weno Formation

Peoten (Neithea) gerogetownensis Kniker:

Lower 35 feet

of the Weno Formation

Gervillia •Cnvagi-nata (White):

Lower 6 feet of the Weno

Formation

PAWPAW SHALE

Hill (I89I+) designated those thinly laminated clays which he
considered inseparable from the "Quarry Limestone" in the top of the
underlying North Denison Sands as the

awpaw Clays or Shales.

In 1901,

Hill retained this original definition of the Pawpaw but placed it in
the Weno subgroup.

Stephenson (1918) redefined the Pawpaw as a member

of the Denison Formation and the term was elevated to the rank of a
formation by Winton and Adkins (1920) when they abandoned the term
Denison Formation.
In Tarrant County, Texas, the name Pawpaw is used for the
brownish gray calcareous shales containing scattered sandstone partings
and ironstone lentils which lie conformably between the Weno Formation
and the Main Street Limestone.

In this area the Pawpaw thins from about

30 feet at the northern border of the county to about 12 feet at the
southern border.

This continued thickening to the north and thinning

to the south has been shown by Slocki (1967) and McGill (1956, 19&7)•
The entire sequence is exposed along Seminary Drive east of
Sycamore Creek in Tarrant County where the,formation is 17 feet thick.
The upper 2 - k feet of the formation contains small biohermal masses

2 - b feet in diameter and about 6 inches thick consisting of Lopha
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colubrina (Lamark) and Cvibvatina texana (Conrad) in an ironstone matrix.

Zonal Guide Fossil (Perkins, 196l)

Cribratina texana (Conrad):

Pawpaw Shale (Also in the

upper 15 feet of the Weno Formation)

MAIN STREET LIMESTONE

Hill (I89J+) introduced the name Main Street for the top member of
the Denison beds of the Washita division.

Later, Hill

(1901) restricted

the name Main Street Limestone to apply to that lower portion of the
Denison beds which underlie Main Street in Denison, Texas.

Hie restricted

usage of Main Street Limestone replaced the name Choctaw Limestone which
had been introduced by Cragin (189^).

Hill's restricted usage of the

term Main Street Limestone has been used since the term was introduced.
In Tarrant County, Texas, the Main Street Limestone thickens
from about 20 feet at the northern boundary to approximately ^0 feet at
the southern boundary.

This thickening of the Main Street Limestone is

believed by McGill (1956, 1967) to be at the expense of the underlying
Pawpaw Shale.
McGill has shown that the stratigraphic interval between the
Pawpaw and Main Street contact and the zone of common occurrence of

Marietta (Plesi-oturvilites) brazoensis

(Roemer) (=Turrilites hrazoensis

Roemer) increases to the south at the same rate the Pawpaw thins and the
Main Street Limestone thickens.

McGill (1956, 19&7) thus believes that

the Main Street Limestone thickens southward, due to the lateral gradation
of Pawpaw clastics into a carbonate facies.
In Tarrant County, the formation is about 32 feet thick and is
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composed principally of alternating thickly bedded marly limestones and
thin marls and marly clay beds.

In the lover 8 feet of the formation,

the marls and marly clays are more thickly bedded than those higher in
the formation.
pyrite.

Throughout the formation, beds of marly limestone contain

These beds are also indistinctly bedded locally due to large

masses of burrow fillings.

Zonal Guide Fossils (Perkins, 1961)

llymatogyva avietina (Roemer):

Upper 5 feet of the Main

Street Limestone (Also the lower
20 feet of the Grayson Marl)

Mariella (Plesioturrilites) brazoensis (Roemer):

Main

Street Limestone

Paahymya austinensis Shumard:

Lower 15 feet of the Main

Street Limestone

GRAYSON MARL

The Grayson Marl was named by Cragin (189*0 as the top member of
the Ilymatogyra arietina Marl and the Main Street Limestone in north
Texas.

The Grayson was redefined by Hill (1901) as the top member of the

Denison Formation.

The Grayson was later raised to formational status

by Winton and Adkins (.1920).

This is the present day usage of the term.

In Tarrant County, Texas, only poor exposures of the Grayson Marl
cam be found tinder lying the Woodbine Sand.

A nearly complete section of

the Grayson Marl can be found however in southern Denton County, Texas.
The Grayson section in southern Denton County can be found in the
south facing bluff near the northwestern end of Grapevine Reservoir about

3.5 miles northeast of Roanoke, Texas.

This bluff has been referred to

in the literature as the Denton Creek section northeast of Roanoke
(Winton and Adkins, 1920), the south facing slope of Denton Creek Valley
(Stephenson, 19^), and Grayson Bluff (Perkins, 1961 and Dodge, 1969).
At this bluff near Grapevine Reservoir, the Grayson Marl is
approximately 80 feet in thickness.

Here the Grayson can be divided

into four easily recognizable subdivisions.
order, are:

The divisions, in ascending

(l) a lower yellowish-gray marl 18 feet thick with abundant

IZymatogyva arietina (Roeiner) and containing a few lenticular bodies of
hard highly fossiliferous clastic limestone in the lower 3-5 feet,
(2) .a yellow to greenish gray marly clay 2b feet thick with no visible
fossils, (3) a highly fossiliferous gray marl with some marly limestone
and clay 21 feet thick, and (U) a somewhat less fossiliferous greenish
gray marly clay making up the remainder of the section.
The Grayson Marl is conformable above the Main Street Limestone
in the area of study, and with only a few exceptions, unconformably over
lain by the Woodbine Sand of the Gulf Series.

The erosional surface on

which the Woodbine was deposited is believed possibly to have had several
tens of feet of relief (Dodge, 1969).
The Grayson Marl at the exposure northeast of Roanoke is overlain
by about an 18 inch thick outlier of Buda Limestone which has been
estimated to have an areal extent of less than 5 square miles.
The upper Grayson was subjected to erosion prior to the deposition
of the Buda Limestone.

This reworking of the upper layers of the Grayson

Marl is shown by the presence of a bored cobble of Grayson Limestone
found in the overlying Buda Limestone.

This cobble of Grayson Limestone

is bored on all sides indicating that the boring was not confined to an
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exposed bedding plane during deposition of the Grayson Marl (see Perkins,
1971).

Zonal Guide Fossils (Perkins, 19&1)

Texigryphaea roemeri (Marcou) (=Gryphasa gvaysonana
Stanton):

Upper 75 feet of the

Grayson Marl

Pseudananehys oompleta (Cragin):

Lower 10 feet of

the Grayson Marl

Ilymatogyra avietina (Roemer):

Lower 20 feet of the

Grayson Marl (Also in the upper
5 feet of the Main Street Limestone

BUDA LIMESTONE

The name Buda Limestone was introduced "by Vaughn (1900) to
replace the preoccupied term "Shoal Creek Limestone" which Hill (1889,

1889b) had used for limestones cropping out along Shoal Creek at Austin,
Texas.

Vaughn named these hard whitish or yellowish limestones after

Buda, Hays County, Texas.
The northern limit of Buda Limestone contiguous with the type
locality occurs in northern Williamson County, Texas, (see Martin, 1967)
about 50 miles north of Austin, Texas.

North of Williamson County, the

Buda Limestone occurs as outliers with relatively limited areal extent.
Only two outliers of Buda Limestone have been reported to occur north
of the Brazos River:

one of these just south of the Hill - Johnson

County line, and the other at Grayson Bluff in Denton County, Texas (see
Bailey, Evans, and Adkins, 19^5).
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The Buda Limestone at Grayson Bluff consists of a glauconitic
yellowish orange clastic limestone about 18 inches thick.

This limestone

unconformably overlies the Grayson Marl as shown by Perkins (1971).

The

unconformable relationship between the Buda Limestone and the overlying
Woodbine Sand has been reported by numerous workers in this area, but
is perhaps best demonstrated by Dodge (1969) in his study of the Woodbine
of Tarrant County, Texas.

B I O S T R A T I G R A P H Y

INTRODUCTION

Samples collected from 218 stratigraphic horizons exposed at
18 localities in Parker, Tarrant, and Denton counties, Texas, represent
a nearly complete stratigraphic section of the Fredericksburg and
Washita groups.

Plates 9A, 9B, and 9C indicate the stratigraphic level

at which each sample was collected and the covered intervals where no
collections were possible.

Most of the samples collected from beds

having a shaly or marly lithologic nature contained ostracodes.

Some

of the denser limestones failed to break down sufficiently to allow the
recovery, or identification, of the ostracodes.

A few beds sample for

the present study contained no ostracodes in the washed residues.

The

generalized lithologic nature of each sample is given in Appendix B.
Seventy species of ostracodes were identified from the samples
collected from the Fredericksburg and Washita groups, and the strati
graphic distribution of 65 species is given (see Plates 9A, 9B, and 9C).
These plates also include the distribution of Pavacypris spp. from the
Washita Group and Cytherelloidea spp. from the Fredericksburg and Washita
groups.

Euaytheruva cf. E. imporcata Weingeist represented by only two

fragmental valves from the Washita Group is not included in the range
charts.

Tables in Appendix C have been prepared to show the abundance

of each species in each sample.

These tables also identify samples in

which no ostracodes were present and/or samples in which ostracodes
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could not be identified.
The tables in Appendix C show that few species are restricted to
a single formation and also that many species do not occur in all beds
within their stratigraphic range.

Few samples contained as many as 20

ostracode species, but some species were represented by a large number
of individuals in a few samples.
The differences between the stratigraphic ranges of some species
reported by Alexander (1929) and the ranges reported in the present paper
are to be expected.

First, neither the exact lithology, nor the portion

pf a stratigraphic section included within a sample by Alexander, can be
determined on the basis of his descriptions.

Second, species are more

critically defined in the present study than they were by Alexander.
Alexander (1929) refers to the variable size and/or ornamentation in
some species but he does not give the range of the specimen sizes or the
precise details of the variation in ornamentation that occurs in these
species.

BIOSTRATIGRAPHIC ZONATION

As outlined in the preceding section on stratigraphy, Hill (1901)
conceived that the major Comanche stratigraphic units of this area were
genetically related groups of strata.
units as "divisions,"

He designated these stratigraphic

in contrast to the usual grouping of formations,

without genetic implications.

The various schemes of formation groupings

that have been used in this area since that time are outlined in the
section on stratigraphy.
Classification of this stratigraphic interval, as well as any
other, in a manner to indicate genetic sequences and similarities is

more useful than a scheme in which only lithologic criteria are used.
With this objective, Lozo and Stricklin (1956) advocated a return of
Hill's "division concept" to classify the Comanche section.

This ideal

grouping of formations as genetically related "tectonic-sedimentary
lithogenetic entities" (Lozo and Stricklin, 1956) should be based on
paleontological, sedimentological, and petrographic data.

At present,

the data necessary to realize this ideal classification are still incom
plete.
The initial attempts at paleontologically dating and zoning the
north Texas Comanche section by R. T. Hill (1901) were refined by Aclkins
and Winton (1920).

More recently, ammonite studies by Young (1966) and

the larger invertebrate studies by Perkins (1961) have provided a physical
stratigraphic and biostratigraphic framework for detailed paleontologic
and paleoecologic analyses of this Comanche interval.

The present

study contrifcmtes data on another major group of biostratigraphically
important organisms toward this zonation.

Similar study of the-

foraminifers of this section and investigation of the lateral extent of
all of these organisms north to the Red River and south to the San Marcos
Arch in central Texas is necessary to establish the biostratigraphic
zonation of the Comanche Series throughout its type area.
Hazel (1970, 1971) used Q-mode analyses (samples compared on the
basis of their species content) of individual samples to establish
correlative horizons within some Tertiary beds of the Gulf Coastal Plain
and of the Atlantic Coastal Plain.

Hazel (1970) used 53 of the 58

species present in the samples of his study for his Q-mode analysis.
the 1971 study, Hazel used 230 species for his study.

In

In each case,

Hazel also used a R-mode analysis (species compared to each other on the
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basis of the samples in which they occur) to show which groups of species
were responsible for the Q-mode clusters.
Kaesler and Taylor (1971) show that cluster analyses provide a
convenient and rapid means of determining biofacies.

However, they

demonstrate that this method should be used in conjunction with ordina
tion methods when a small number of spejcies is present to prevent certain
species from taking on an artificial importance in the clustering of
samples into biotopes.

No attempt to cluster the samples into biotopes

has been made in the present study.
In the present study, a Q-mode analysis has been made of assumed
laterally equivalent stratigraphic horizons and of superadjacent forma
tions.

These correlations and formational boundaries are based on the

stratigraphy published by Perkins (1961).
using the Dice similarity coefficient,

2 C
——• • - , where C is the number
1

of species common between two samples, and
species in each sample.

The Q-mode analysis was made

2

and Ng are the number of

Some uses of similarity coefficients in bio-

stratigraphy are diseased in detail by Sokal and Sneath (1963), Cheetham
and Hazel (1969), Hazel (1970, 1971) » and Kaesler and Taylor (1971).
In the present study, the Q-mode analysis is based on the distri
bution of 65 species of ostracodes from the formations of the Fredericks
burg and Washita groups.

All samples collected from a formation at each

locality studied were considered as a single unit in the Q-mode analysis.
The unitization of all samples collected from a formation at each locality
was done because less than 20 species occurred in most samples and be
cause many of these species were frequently absent from some horizons
within their stratigraphic range.

It is recognized that by forming

statistical units in this method of sample grouping, a small portion of
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a formation exposed at one locality is sometimes being compared with a
nearly complete section of the same formation exposed at another locality
However, the unitization of samples in this manner reduces the possibility
that a species may take on an artificial importance in the comparison of
samples that contain only a small number of ostracode species.

In

comparisons between samples containing only a few species, the artifical
importance of a species can become especially significant when comparing
the lateral, or vertical, ostracode assemblages found in strata deposited
near shore under sometimes-rapidly-changing environmental factors.

The

results of this analysis is shown in Figure 3.
Two portions of the Washita Group were compared in greater detail.
The first of these comparisons (Figure it) was made between the upper part
of the Duck Creek Formation and the Fort Worth Limestone; the second was
made between the Main Street Limestone and the major lithologic divisions
within the Grayson Marl (Figure 5).

For both comparisons, samples from

adjacent horizons were still grouped together, but fewer numbers of
samples were considered as forming a unit.
The Q-mode analyses of the ostracode faunas of the Fredericksburg
and Washita groups, in the area of the present study, indicate simi
larities and differences among these faunas which help interpret the
genetic sequences and relationships of the Comanche strata.

These

observations are listed below in ascending stratigraphic order.
(l)

The close similarity between the Walnut Marl and Goodland

Formation ostracode faunas indicates the similarity of the environments
in which these strata were deposited.

The change of ostracode fauna in

the overlying Kiamichi Formation reflects a new environment of deposition
to that present during the deposition of the Walnut Marl and Goodland

Locality
Number

Buda Limestone

18

4

Grayson
Marl

17

20

16

13

Main Street
Limestone

16

13

15

14

Pawpaw Shale

15

17

14

24

13

11

12

12

13

19

12

19

12

13

11

17

10

16

9

16

8

8

7

6

8

8

7

19

6

17

6

15

5

19

4

20

4

18

3

17

2

19

1

18

Weno
Formation

Denton
Formation

Fort Worth
Limestone

Duck Creek
Formation

Goodland Formation

Kiamichi
Formation

Benbrook
Member

Marys Creek
Member

Walnut Marl

Similarity
Coefficient

Number of Species at
each Locality

Formation

Dice Similarity Coefficient =

2C.

X 100

nj + n2
Figure 3.

Q-Mode Analysis of Localities based on Dice Similarity Coefficients.
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Number
Formation

Locality

Units
Species

Similarity
Coefficient

88.0
73. 7

12, 13

Fort
Worth
Limestone

64.0

77.0

80.0

80.0

81.9
72.6

10 - 13

72.6

84.6
92.4

81.5

84.6

Figure 4.

74.0.

14, 15

Duck Creek
Formation

81.5
Q-Mode analysis of selected horizons from the Duck Creek
Formation and the Fort Worth Limestone.

Number
Formation

Local! ty

Units
Species

Similarity
Coefficient

34 - 36
54.6
38. 1

19 - 33
Grayson
Marl

57.2

71.0
77.4

11 - 18

80.0

48.4
64.3
50.0

All
61.5
Main Street
Limestone
Figure 5.

51.9

All

20.0

34.5
42.3

64.3

51.9
All
Q-Mode analysis of selected horizons from the Main Street
and the Grayson Marl.

40.0
41.4
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Formation.

This change in environment is also indicated by the more

shaley lithologic nature of the Kiamichi Formation as compared to the more
marly and limey character of the underlying Walnut and Goodland formations.
However, the ostracode fauna of the Kiamichi Formation is more similar to
that of the Walnut and Goodland fomations than it is to that of the over
lying Washita Group.

This suggests a closer genetic relationship between

the Kiamichi Formation and the underlying Fredericksburg strata than to
the overlying Washita strata.

This supports those workers who consider

the Kiamichi Formation to be the uppermost part of the Fredericksburg
Group.
(2)

The upper part of the Duck Creek Formation exposed at Locality

9, present study, has an ostracode fauna more similar to the fauna found
in the Fort Worth Limestone than to that found in the lower part of the
Duck Creek Formation.

The dissimilarity of depositional environment in

which the lower and upper Duck Creek strata were formed; and the simi
larity of environment during the deposition of the upper part of the
Duck Creek Formation and the overlying Fort Worth Limestone is shown by
the ostracode faunas in these strata.

This evidence is supported by

the types of burrow fillings found in these same intervals (see Perkins
and Stewart, 1971) referred to in the section on stratigraphy.
The paleontological evidence for environmental similarity or
dissimilarity in these units is supported by sedimentological evidence.
The Duck Creek Formation consists of thickly bedded limestones in the
lower part of the formation, but consists of alternating thin gray marls
and gray marly limestones in the upper portion that are similar to the
lithology of the overlying Fort Worth Limestone.
(3)

Varing degrees of correlation are found between the ostracode

faunas of the Denton and. Weno exposures included in the present study.
Additionally, there is a considerable difference between the ostracode
faunas collected from the various exposures of the Weno Marl; and also,
a marked difference of the ostracode fauna may occur vithin the beds of
a vertical, sequence of the Weno Formation at each locality.
The relatively high degree of correlation of ostracode species
at the two exposures of the Denton Formation and the Weno Formation
exposed at Locality lU contrast sharply with the relatively low degree
of similarity found when comparing the ostracode species of the Denton
Formation with those of the Weno Formation at either Locality 12 or 13.
Similarly, the good correlation between the ostracode species of the Weno
Formation at localities 12 and 13 is markedly different from that found
when the species from these localities are compared to those in the Weno
at Locality ll+.
That the marked similarities and differences of the faunal
distribution within these formations is controlled by environmental
conditions was not supported by obvious changes in lithology.

A sorting

of the elements controlling the distribution of species in these forma
tions will require more data on their lateral distribution and much more
precise study of the lithology of the beds in which each species occurs.
(1+)

The ostracodes of the Pawpaw Shale have greater affinity to

those species of the Weno Formation than to those which occur in the
Main Street Limestone.

This suggests that the Pawpaw Shale is more

closely related to the sedimentary cycle that deposited the Weno Forma
tion than to the sedimentary cycle that resulted in the deposition of- the
Main Street Limestone.

The lithologies of the Weno Formation and the

Pawpaw Shale indicate a marked change in environmental conditions,

however the high similarity coefficient for the ostracode species would
indicate these environmental changes were transitional.

At the same

time, the equally marked lithologic change between the Pawpaw Shale and
the Main Street Limestone with a much lower similarity coefficient would
indicate this change was more abrupt and perhaps even separated by a
minor break in deposition.
(5)

The Main Street Limestone at Locality 15 in Tarrant County

shows relatively little similarity in ostracode content to that of the
Main Street Limestone collected at Locality 16 in southern Denton County.
Also, the Main Street Limestone in southern Denton County has little
similarity to the overlying Grayson Marl at the same locality, or to the
Grayson Marl exposed a short distance away at Locality 17.
The low similarity coefficient between the Main Street Limestone
at the two localities listed above can be explained in two ways.

First,

and probably most importantly, the Main Street Limestone at Locality 15
contains T-Lrrririasevia (?) sp. A which is probably a freshwater species
that has been transported into a marine environment.

This suggests that

the beds containing this species were deposited in waters which at times
had less than normal marine salinities due to dilution by inflowing
streams.

Second, the Main Street Limestone at Locality 15 is immediately

above the Pawpaw Shale, and at Locality 16, it is just below the Grayson
Marl and possibly somewhat younger than that exposed at Locality 15.
However, the age difference is believed to be less important than the
difference of depositional environment.

Support for this hypothesis can

be seen in that there is little similarity between the Main Street Lime
stone and the overlying Grayson Marl exposed at Locality 16.

The lower

Grayson Marl also contains Timiriasevia (?) sp. A, again suggesting
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these beds were deposited in an area that had less than normal marine
salinities at times.
The nearly pure limestone of the Main Street Limestone indicates
the streams were carrying very low quantities of clastic material,
possibly due to their low gradient or low volume of water discharge.
A stream of this type would likely maintain a fixed channel position and
influence only a small depositional area.

A depositional area a few

miles distant from the first would not he influenced by the influx of
freshwater and would have a different faunal assemblage.

On the other

hand, the more clastic nature of the Grayson Marl indicates a greater
stream discharge into the area of deposition and/or an increase of stream
gradient.

This would be a marked change in the environmental conditions

which prevailed during the deposition of the Main Street Limestone and
would result in an expected change in the ostracode fauna.

Additional

supporting evidence of the rapidly changing environmental conditions can
be seen in the varying faunas in the lower Grayson Marl collected at
localities 16 and IT-

Though only a short distance apart, these samples

contained significantly different ostracode species.

This again suggests

that local environmental conditions closely controlled the distribution
of these species.
(6)

The distribution of species within the Grayson Marl shows

that the species from the clays and marls of the lower Grayson Marl and
the species from the more marly middle portion of the formation have a
high degree of similarity.

Also, there is a high degree of correlation

between the species of the middle marly portion of the Grayson Marl and
the upper clayey portion of the formation.

However, there is slightly

less similarity between the species of the middle marly portion of the

1*0
formation and the upper clays than between those of the clays which
underlie and overlie the middle marly portion of the formation.

This

would suggest that the environment of deposition of the more marly middle
portion of the formation controlled both the sediment type and the
ostracode species present.

There was most likely a more normal marine

environment during the deposition of the marl than during the time the
clays were being deposited.

Additionally, the presence of similar species

in the clayey portions of the formation would indicate these species
migrated into and out of the area following the environmental conditions.
The presence of very few ostracodes in the uppermost part of
the upper clayey portion of the Grayson Marl and the very low species
similarity coefficients to the remainder of the formation indicates a
probable continuation of shallowing water conditions with the possibility
that the water might have entirely regressed from this area at times.
The bored cobble of Grayson Marl found within the Buda Limestone (Perkins,
19Tl) would possibly support the hypothesis of an intraformational
break in deposition.

C O N C L U S I O N S

The present study has, for the first time, related the ostracode
species of the Comanche Series in north Texas to measured stratigraphic
sections.

The study shows that even though a species may have a long

stratigraphic range, it cannot be expected to occur in all the beds of
a formation.

The presence, or absence, of an ostracode species within

the various beds within the stratigraphic range of the species is appar
ently related largely to the changing environmental conditions.

As the

formations of the Fredericksburg and Washita groups are generally
considered to represent transgressive and regressive cycles of deposition,
changes in depositional conditions are to be expected in laterally
equivalent time zones.

This may frequently result in formational bound

aries crossing time lines.

Also, those species of ostracodes whose

areal distribution are not controlled by environmental conditions may
cross formational boundaries.
The lateral change in environmental conditions is, as expected,
more strongly pronounced in formations deposited in shallow, inner
neritic waters than in formations deposited farther offshore under
deeper water conditions.

Formations deposited in shallow water, inner

neritic zones, such as the Kiamichi Formation, the Main Street Limestone,
and the lower part of the Grayson Marl, all have a low degree of
similarity in the ostracode fauna in laterally equivalent beds.

The

nearness of the shore during the deposition of the Main Street Limestone
and the lower Grayson Marl is emphasized by the presence of an apparently

hi

freshwater species, Timiviasevia (?) sp. A.
The ecological effect on species distribution is more easily seen
on species of ostracodes with ornamented shells than on those having
smooth, unornamented shells.

Ohmert (1971) discusses the migration of

some species of the Family Trachyleberididae as the water depth changes
during the time of deposition of the Upper Cretaceous sediments in
Bavaria.

These same species also display changes in shell ornamentation

that are controlled by ecologic conditions in which the species lived.
In the present study, minor changes in ornamentation and some apparent,
lithologic control were noted in the distribution of certain species of
the Family Trachyleberididae.

The effects of lithologic change that

affect the stratigraphic distribution and/or ornamentation of a species
are recorded in the remarks concerning the species (see Appendix D).
Specific relationships between the lithology and species dis
tribution and ornamentation have not been made at the present time.

The

author feels that a much greater detailed study of the sedimentological
conditions of deposition of each formation is needed before specific
conclusions can be drawn.

Dieci, et. al. (1971) show that the organic

content of strata is closely related to the sedimentological conditions.
Among the factors that can affect the distribution of the ostracode
species are (l) the turbiditic or non-turbiditic nature of the beds;
(2) the grain size distribution within the layers; and (3) the clay
minerals and carbonate content of the strata.

As these data are not

presently available, conclusions regarding the lithologic control of
species distribution ai*e not presently possible.
Several additional lines of research became apparent from this
present work.

Two of the more important lines of research that need to

be examined
(1)
formation.

Eire

as follows:

A detailed sedimentological study of the deposition of each
These studies should be made both in the strike and dip

directions of the formations wherever possible.

These studies should

include the conditions of deposition of each bed within the formation;
the grain size distribution of the individual beds; the mineralogical
content of each bed; and the faunal content of these individual beds
should be related to the sedimentological history.
(2)

A re-examination of the current tendency by most writers to

place the Kiamichi Formation in the Washita Group rather than in the
Fredericksburg Group.

Earlier workers frequently placed an unconformity

at the top of the Kiamichi Formation.

Most later workers have failed to

observe lithologic evidence of this unconformity.

Paleontological

evidence gathered in the present study indicates that the major break
in deposition does not everywhere coincide with the lithologic change
from shale to limestone that is commonly recognized as the boundary
between the Kiamichi and Duck Creek formations, but in some instances,
the break occurs within the limestone considered to be the basal bed of
the Duck Creek Formation.

Thus, the basal limestone bed now assigned

to the Duck Creek Formation, at least at some exposures of the formation,
should be placed at the top of the Kiamichi Formation, and the boundary
between the Fredericksburg and Washita groups should then be placed at
the top of the Kiamichi Formation.
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a

LOCALITIES

The following localities were collected in the present study to
obtain a composite stratigraphic section of the Comanche Series in
Parker, Tarrant, and Denton counties, Texas.

Perkins' (1961) locality,

numbers are given, when applicable, with the prefix BFP.

Localities in

the present study are indicated in Plate 8.

1.

Road cut H.5 miles east of Weatherford, Texas Courthouse on U. S.
Highway 80 - 180, Parker County; Walnut Marl (complete section).
BFP T-12,

2.

East bank of Marys Creek just north of U. S. Highway 80 - l80
bridge, Tarrant County; Goodland Formation (Marys Creek Marl Member).
BFP T-l.

3.

North bank of Marys Creek approximately 0.1 mile south of U. S.
Highway 80 - 180 bridge, Tarrant County; Goodland Formation (Marys
Creek Marl Member).

U.

Bluff on south
0.8 mile south
Chaplin School
Creek Marl and

5-

Hills (Cragin Knobs) along north side of Vickery Boulevard (Stove
Foundary Road), 2 miles northeast of intersection with Benbrook Road,
Fort Worth, Tarrant County: Goodland Formation (upper Benbrook
Limestone Member). BFP T-ll.

6.

Road cut on Texas Highway 183 immediately east of its intersection
with Texas Highway 199, Fort Worth, Tarrant County; Goodland Forma
tion (uppermost part of the Benbrook Limestone Member), Kiamichi
Formation, and Duck Creek Formation (lower 5 feet). BFP T-73.

7.

Creek bed and bluffs immediately southwest of Meacham Field and
immediately southeast of the Trinity Portland Cement Property,
Tarrant County; Kiamichi Formation (upper 20 feet), and Duck Creek
Formation (lower 5 feet). BFP T—i+4.

bank of Marys Creek on the former Rowan Ranch Estate,
of U. S. Highway 80 - 180, and 0.5 mile east of
Road, Tarrant County; Goodland Formation (upper Marys
Benbrook Limestone members). BFP T-2.

56

57
8.

Abandoned quarry on vest side of Gulf Colorado and Santa Fe Railroad
about 200 yards south of Rock Creek on the Feltz Ranch, Tarrant
County; Kiamichi Formation (upper 1 foot) and Duck Creek Formation
(lower 20 feet). BFP T-68.

9.

In cuts of Gulf Colorado and Santa Fe Railroad immediately north of
bridge over Mustang Creek and about 1 - miles south of the inter
section of that railroad with the Crowley-Plover Road, Tarrant
County; Duck Creek Formation (upper 25 feet) and Fort Worth Limestone
(lower 10 feet). BFP T-69.

10.

Bluff on southeast corner of intersection of Lancaster and Riverside
drives, Fort Worth, Tarrant County; Fort Worth Limestone (nearly
complete section). BFP T-30.

11.

West bank of Sycamore Creek in Cobb Park, 100 yards south of Maddox
Avenue, Fort Worth, Tarrant County; Fort Worth Limestone (upper 20
feet). BFP T-5.

12.

East bank of Sycamore Creek, 50 yards south of the northernmost
dry-weather crossing in Cobb Park, Fort Worth, Tarrant County;
Fort Worth Limestone, Denton Formation, and basal Weno Formation.
BFP T-3.

13.

Bed of Sycamore Creek, 150 yards north of Seminary Drive, Fort Worth,
Tarrant County; Denton Formation (upper 10 feet). BFP T-37*

lit.

Southeast bank and slopes above Sycamore Creek in Amon Carter Park,
about 0.2 mile northeast of the Missouri Pacific Railroad bridge,
Fort Worth, Tarrant County; Weno Formation (lower 25 feet). BFP T-9-

15.

Roadside gully and roadcut on Seminary Drive about 200 yards east of
Sycamore Creek, Fort Worth, Tarrant County; Weno Formation (upper
5 feet), Pawpaw Shale, and Main Street Limestone (lower 15 feet).
BFP T-19-

16.

Cut on south side of road from Grayson Bluff to U. S. Highway 377
and approximately 3.5 miles northeast of the intersection of Texas
Highway 11^ and U. S. Highway 377 in Roanoke, Denton County; Main
Street Limestone (upper 6 feet) and Grayson Marl (lower 15 feet).
BFP T-66.

17.

Grayson Bluff along the north side of Denton Creek, about U miles
northeast of the intersection of Texas Highway 11^ and U. S.
Highway 377 in Roanoke, Denton County; Grayson Marl. BFP T-26.

18.

Small outlier 0.1 mile north of Grayson Bluff, about U miles
northeast of the intersection of Texas Highway lll+ and U. S.
Highway 377 in Roanoke, Denton County; Buda Limestone. BFP T-26.

A P P E N D I X

B

SAMPLE DESCRIPTIONS

A lithologic description was made of an air-dried hand sample of
each interval collected.

No attempt was made at this time to classify

these samples from thin-sections and microscopic observations.

Color

determinations were based on the Rock-color Chart distributed by the
Geological Society of America.
The residue from the washed samples was examined with a micro
scope to determine the nature of the clastic residue and the general
faunal content of each sample.

Limestones which did not break down by

normal washing procedures were first crushed, and the crushed residue
was then examined for the faunal content.
Location of the samples within the stratigraphic section has been
indicated on the graphic sections of each formation (see Plates 9A, 9B,
and 9C).

The graphic sections of these formations were prepared by

Perkins (1961).

OBSERVATIONS

Locality 1:

Paluxy and Walnut formations (see Plate 9k).

1-1

Yellowish gray to dark yellowish orange fine siltstone and clay.
No fauna present. Washed residue consists of well rounded to
subangular quartz grains with clusters of gypsum crystals.

1-2

Moderate greenish gray slightly silty clay. Fragments of bivalves,
echinoids and gastropods abundant. Some aggregrates of quartz
grains.
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1-3

Light olive gray shaly marl with some gypsum along bedding planes.
Bivalve fragments abundant; echinoid fragments rare. Residue
below the 80 mesh screen 50% quartz.

1-U

Yellowish gray marl.
foraminifers common.

1-5

Yellowish gray fossiliferous marly limestone. Texigryphaea
fragments abundant: some steinkerns of gastropods and badly
abraded echinoid spines.

1-6

Dusky yellow marl. Texigryphaea fragments abundant; other bivalves
and echinoid fragments rare.

1-7

Grayish orange marl. Bivalve fragments, some abraded, abundant;
arenaceous foraminifers common on the larger (20 mesh) screen.

1-8

Light dusky yellow marl.
fragments rare.

1-9

Light yellowish gray marl. Texigryphaea fragments abundant, some
fragments abraded and with borings.

1-10

Bivalve fragments abundant; arenaceous
Traces of glauconite.

Bivalve fragments abundant; echinoid

Yellowish gray marl. Mostly Texigryphaea fragments with some
echinoid fragments. Benthonic foraminifers common.

Locality 2: Marys Creek Marl Member of the Goodland Formation (see Plate
9A).
2-1

Moderate greenish gray fossiliferous clayey marl. Bivalve frag
ments abundant; agglutinated foraminifers frequent; some echinoid
fragments.

2-2

Moderate greenish gray thinly laminated, slightly marly shale.
Agglutinated foraminifers common on the larger mesh screens;
planktonic foraminifers abundant below the 80 mesh screen.
Echinoid and bivalve fragments frequent. Approximately 2 grams
of washed residue was recovered from 200 grams of sample. Pyrite
common.

2-3

Moderate greenish gray thinly laminated shale. Agglutinated
foraminifers common; planktonic foraminifers abundant below the
80 mesh screen.

2-k

Moderate greenish gray clay. Bivalve and gastropod fragments
common; some fauna replaced with pyrite. Agglutinated foramin
ifers common on larger screens; planktonic foraminifers abundant
below the 100 mesh screen.

2-5

Greenish gray marl. Fragments of crab claws and bivalves on the
coarser screens; planktonic foraminifers are abundant below the
100 mesh screen.

6o
2-6

Moderate greenish gray marly shale. Bivalves, agglutinated
foraminifers, and crab claws frequent; below the 100 mesh
screen, planktonic foraminifers are abundant. Washed residue is
approximately 50% pyrite.

2-7

Light gray marly limestone with abundant fossils on the weathered
surface.

2-8

Greenish gray marl. Bivalve and echinoid fragments abundant;
gastropods replaced with pyrite. Abundant planktonic foraminifers
below the 100 mesh creen.

2-9

Light olive gray marly limestone with oxidized spots of moderate
yellowish orange color. Bivalvia fragments common, some echinoid
spines.

2-10

Moderate greenish gray, slightly marly clay. Coarse washed
residue mostly bivalve and echinoid fragments with numerous
agglutinated foraminifers. Planktonic foraminifers abundant below
the 100 mesh screen.

2-11

Light gray, fine grained, slightly fossiliferous limestone.

2-12

Yellowish gray marl. Echinoid and bivalve fragments abundant,
frequently cement&d together.

2-13

Yellowish gray marl.

2-lk

Yellowish gray clayey marl. Bivalvia fragments abundant;
agglutinated foraminifers and echinoid fragments numerous.

2-15

Yellowish gray marl. Bivalve fragments, large agglutinated
foraminifers, and echinoid fragments numerous.

Echinoid fragments abundant.

Locality 3: Marys Creek Marl Member of the Goodland Formation (see Plate
-9A).
3-1

Greenish gray marl with fine crystalline gypsum. Bivalve fragments
and crab claws numerous; microcrinoids rare. Planktonic foram
inifers abundant below the 100 mesh screen.

3-2

Light yellowish gray fossiliferous limestone.

3-3

Greenish gray marl and clay. Echinoid and Bivalvia fragments
frequent. Gastropods frequently replaced with pyrite. Planktonic
foraminifers abundant below the 100 mesh screen.

3-^

Yellowish gray clayey marl. Bivalves, echinoid fragments, and
large agglutinated foraminifers abundant in the residue.

3-5

Yellowish gray marl. Abundant bivalve fragments, and pyrite.
Below the 100 mesh screen, planktonic foraminifers are abundant.

6l
3-6

Yellowish gray slightly clayey marl. Bivalvia fragments abundant;
gastropods frequent. Washed residue with large quantity of gray
limestone.

3-7

Greenish gray slightly shaly marl. Bivalvia fragments and echinoid
spines abundant in washed residue. Planktonic foraminifers
abundant below the 100 mesh screen. The washed residue contains
a large quantity of fine grained marly limestone.

3-8

Olive gray thinly laminated shale. Agglutinated foraminifers
abundant; planktonic foraminifers abundant below the 100 mesh
screen. Very little washed residue recovered from 200 grams of
sample.

3-9

Greenish gray clayey marl. Washed residue mostly limey fragments
with some gastropods, bivalves, and echinoid fragments.

3-10

Dark greenish gray thinly laminated shale. Echinoid fragments and
bivalve fragments few; pyrite steinkerns of gastropods rare. 20%
of the residue below the 100 mesh screen are planktonic foraminifers.
Pyrite is very abundant in the washed residue.

3-11

Yellowish gray thinly laminated shale. Most larger fauna are
sparse in the washed residue; planktonic foraminifers are abundant
below the 100 mesh screen. About 2 grams of residue was recovered
from 200 grams of sample.

Locality if: Goodland Formation (Marys Creek Marl and Benbrook Limestone
members) (see Plate 9A).

u-i

Moderate greenish gray marly shale. Washed residue composed of
abraded bivalve shells and fossiliferous argillaceous material.
Numerous large agglutinated foraminifers and some echinoid spines
are present.

k-2

Greenish gray dense clayey marl. Echinoid and bivalve fragments
comprise 75% of the coarser residue. Microcrinoids frequent.
Gastropods have been replaced by pyrite.

k-3

Very light yellowish gray marly limestone. Bivalvia fragments can
be seen in the crushed limestone fragments.
Light olive gray marl. Bivalves, echinoid fragments, and
agglutinated i'oraminifera common in the washed residue.
Very light olive gray fossiliferous limestone. Crushed limestone
pieces show some echinoid and gastropod fragments.

U-6

Light olive gray slightly nodular marl. Bivalve fragments,
echinoid spines, and agglutinated foraminifers common. Micro
crinoids rare. Planktonic foraminifers abundant below the 100
mesh screen.
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4-7 Light olive gray marly clay with some dusky red inclusions.
Bivalve fragments abundant; echinoid plates rare in the washed
residue. Planktonic foraminifers common below the 100 mesh screen.
Approximately k0% of the washed residue is pyrite.
4-8

Light yellowish gray slightly fossiliferous limestone.
fragments common in the crushed residue.

Bivalvia

4-9

Light olive gray marl. Bivalve and echinoid fragments abundant
in washed residue. Pyrite steinkerns of gastropods common.
Larger planktonic foraminifers common.

4-10

Light olive gray fossilifersous limestone. Crushed limestone with
numerous bivalve fragments; echinoid spines and pyrite-filled
gastropods are rare.

4-11

Greenish 'gray shaly marl. Coarser residue consists of bivalve
fragments, echinoid plates, and echinoid spines. Larger benthonic
foraminifers common. Clastic material consists of thin layers of
silty marl.

4-12 Light gray and yellowish gray coquinal limestone.
mostly fragments of Texigryphaea.
and ostracodes are rare.
4-13

Crushed residue
Echinoid spines, foraminifers,

Light olive gray fossiliferous limestone. Crushed residue consists
of limestone fragments with abundant Bivalvia fragments. Ostracodes
numerous; some echinoid spines and benthonic foraminifers present.

4-l4 Yellowish gray limestone.

Crushed residue with abundant fragments
of Bivalvia; some echinoid fragments. Ostracodes very rare.

4-15

Yellowish gray marly limestone. Crushed residue with large
fragments of Texigryphaea and numerous echinoid spines. Large
agglutinated foraminifers are common.

Locality 5: Goodland Formation (upper part of the Beribrook Limestone
Member) (see Plate 9A).
5-1

Light olive gray marl. Bivalvia fragments, echinoid spines, and
ostracode valves abundant.

5-2

Light olive gray limestone. Crushed residue with bivalve frag
ments and a few echinoid spines.

5-3

Light olive gray shaly marl.
Bivalve and echinoid fragments
are abundant; fragments of cra,b claws and arenaceous foraminifers
are numerous.

5-4

Yellowish gray marl. Limey fragments of the sample contain an
abundant microfauna of large agglutinated foraminifers and ben
thonic calcareous foraminifers. Planktonic foraminifers rare.
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5-5 Yellowish gray fossiliferous limestone.
bivalve and echinoid fragments.

Crushed residue contains

5-6 Yellowish gray limestone. Crushed limestone fragments with
numerous bivalve fragments.
Locality 6: Goodland Formation (uppermost bed), Kiamichi Formation, and
Duck Creek Formation (poorly exposed) (see Plate 9A).
6-1 Light gray to light yellowish gray marl. Washed residue with
large limestone fragments and numerous bivalve fragments; some
echinoid fragments and bryozoans (1).
6-2 Yellowish gray marl. Abundant bivalve fragments; numerous echinoid
plates, and agglutinated foraminifers.
6-3 Dusky yellow thinly laminated shale. Fauna very rare. Washed
residue mostly fragments of thinly bedded silty material.
6-k

Light olive brown thinly laminated clayey shale. AmrnobacuHtes
common. Clastic residue consists of ferruginous concretions and
clay lenses.

6-5 Moderate yellowish orange limestone with crystals nearly perpen
dicular to bedding planes. No fauna present.
6-6 Dusky yellow thinly laminated shale. Bivalve fragments and
Ammobaculites common. Silt-sized quartz grains abundant.
6-7 Yellowish gray very fossiliferous limestone.
observed.

No microfauna

6-8 Dusky yellow thinly laminated slightly marly clay. Bivalve frag
ments rather small; Ammobaculites numerous. Silt-sized quartz
grains abundant.
6-9 Light olive gray to dusky yellow thinly laminated shale. Arena
ceous foraminifers very abundant; no calcareous foraminifers
seen. Clastic residue consists of ferruginous claystone lenses
and large quantities of silt.
6-10 Dusky yellow thinly laminated, fine grained arenaceous shale.
Fauna consists of a single ostracode valve and specimens of
Aimobaoulites. Clastic residue consists of thinly laminated
layers of fine siltjtone and some muscovite.
6-11 Moderate greenish gray very silty clay. Most fauna rare. Clastic
residue are large pieces of siltstone, some of which appear to be
burrow fillings.
6-12

Olive gray slightly marly clay. Bivalve and echinoid fragments
are rare; microfauna are mostly specimens of Lagenidae.

6k

6-13 Moderate olive gray marl.

Large fragments of Bivalvia and some
echinoid fragments; foraminifers, other than Mavginulina sp., are
rare.

Locality 7: Kiamichi Formation and Duck Creek Formation (lower part) (see
Plate 9A).
7-1

Greenish gray thinly laminated shale. Echinoid and bivalve frag
ments abundant; Robulus sp. numerous. Planktonic foraminifers
abundant below the 100 mesh screen.

7-2

Yellowish gray thinly laminated shale.
invertebrates; ostracodes abundant.

7-3

Moderate yellowish gray slightly silty clay. Bivalves abundant;
501 of the residue on the 60 mesh screen are ostracodes.

7—1+

Yellowish gray very fossiliferous thinly laminated shale.
bivalve fragments and ostracodes are abundant.

Few fragments of the larger

Larger

7-5 Moderate greenish gray thinly laminated slightly silty clay.
Bivalvia, echinoids, and ostracodes abundant. Ammobaculites sp.
numerous; microcrinoids rare. Small silty lenses common in the
washed residue.
7-6

Olive gray thinly laminated slightly fossiliferous shale. Abundant
bivalve and echinoid fragments. Ostracodes, Ammobaculites sp.,
and very small planktonic foraminiferas abundant.

7-7

Light olive gray thinly laminated shale. Larger invertebrates
rare; ostracodes numerous; Ammobaculites sp. is the most common
foraminifer.

7-8

Yellowish gray thinly laminated shale.

7-9

Dusky yellow and very light olive gray thinly laminated shale with
shell fragments along some bedding planes. Bivalves and ostracodes
abundant; Ammobaculites sp. is the most common foraminifer.

Most fauna rare.

7-10

Yellowish gray thinly laminated marl.
fragments are abundant.

Bivalve and echinoid

7-11

Yellowish gray marl. Bivalve fragments common; echinoid fragments
rare. Large Planktonic foraminifers common.

Locality 8: Kiamichi Formation (uppermost bed) and Duck Creek Formation
(lower 20 feet) (see Plate 9A).
8-1

Olive gray marl. Over 90% of the residue are bivalve fragments.
Ostracodes are abundant; foraminifers are rare.

8-2

Li .-iht yellowish gray very fine crystalline limestone.
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8-3

Yellowish gray limestone.
residue.

Wo recognizable fauna in the crushed

8-U

Pinkish gray dense limestone.

8-5

Yellowish gray marl. Abundant echinoid fragments; some bivalve
fragments. Abundant well preserved planktonic foraminifers.

8-6

Yellowish gray limestone. Recognizable fossils in the crushed
residue aire mostly foraminifers.

8-7

Yellowish gray marl.

8-8

Yellovish gray marl. Bivalve fragments and microcrinoids abundant.
Benthonic foraminifers more abundant than planktonic foraminifers.

No recognizable fauna.

Microcrinoids abundant; foraminifers numerous.

Locality 9- Duck Creek Formation and Fort Worth Limestone (lower part)
(see Plate 9B).
9-1

Yellowish white fine grained limestone.

9-2

Yellowish gray thinly laminated silty shale. Echinoid and bivalve
fragments numerous; microcrinoids frequent. Planktonic foramin
ifers more numerous than benthonic species.

9-3

Yellowish gray marl. Microcrinoids abundant; benthonic foramin
ifers more abundant than planktonic foraminifers. Washed residue
with small limonitic concretions.

9-U

Yellowish gray marl. Coarse residue largely of bivalve fragments
and "burrow fillings", microcrinoids abundant; planktonic foramin
ifers more numerous than the benthonic foraminifers.

9-5

Light olive gray marly clay. Bivalvia fragments and "burrow
fillings" comprise most of the residue. Microcrinoids very rare;
benthonic and planktonic foraminifers about equal in number.

9-6

Yellowish gray fine crystalline limestone.

9-7

Dusky yellow marl with spots of white, unfossiliferous clay.
Echinoid fragments, bivalve fragments, and microcrinoids are
abundant. Benthonic foraminifers outnumber the planktonic species.

9-8

Yellowish gray marl. Echinoid fragments abundant; microcrinoids
rare. Planktonic foraminifers more abundant than benthonic species.

9-9

Yellowish gray marl. Echinoid and bivalve fragments common:
microcrinoids rare. Benthonic foraminifers outnumber the plank
tonic foraminifers.

9-10

Wo fauna obvious.

No fauna apparent.

Light olive gray medium crystalline limestone.
abundant.

Bivalvia fragments
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9-11

Yellowish gray marl. Bivalves, echinoid fragments, and "burrow
fillings" abundant. Microcrinoids common.

9-12

Yellowish gray marl. Echinoid and bivalve fragments very
abundant; microcrinoids abundant.

9-13

Yellowish gray marly limestone.
residue.

9-lU

Yellowish gray marl.

9-15

Yellowish gray fossiliferous marl.

Locality 10:

Little fauna in the crushed

Most fauna very rare.

Fort Worth Limestone (see Plate 9B).

10-1

Moderate olive gray thinly laminated marly shale. Bivalve and
echinoid fragments abundant; microcrinoids numerous. Benthonic
and planktonic foraminifers about equal in numbers.

10-2

Yellowish gray limestone.
crushed residue.

10-3

Greenish gray marl. Echinoid spines, bivalve fragments, and
burrow fillings common. Abundant ostracodes.

10-1+

Very light yellowish gray marl.
echinoid fragments rare.

10-5

Greenish gray fossiliferous somewhat nodular marl. Echinoid,
bivalve, and worm tube fragments abundant; microcrinoids
numerous.

10-6

Light yellowish gray fine crystalline limestone.
numerous. Small pyrite concretions present.

10-7

Light yellowish gray marl.

10-8

Moderate yellowish gray marl. Echinoid and bivalve fragments
with encrusting worm tubes. Microcrinoids numerous.

10-9

Few recognizable invertebrates in the

Bivalve fragments abundant;

Echinoid spines

Echinoid spines abundant.

Yellowish gray fine grained dense limestone.
in the crushed residue.

No fauna recognized

10-10

Yellowish gray marl. Echinoid and bivalve fragments abundant.
Large masses of worm tubes present. Benthonic foraminifers more
numerous than planktonic foraminifers.

10-11

Yellowish gray thinly bedded marl. Echinoid and bivalve fragments
with worm tubes abundant. Benthonic and planktonic foraminifers
about equal in number.

10-12

Yellowish gray marl.

Echinoid and bivalve fragments abundant.

Microcrinoids numerous. Benthonic foraminifers more numerous
than the planktonic foraminifers.
10-13

Yellowish gray marl. Echinoid and "bivalve fragments comprise most
of the washed residue.

Locality 11:

Fort Worth Limestone (see Plate 9B).

11-1

Light olive gray fossiliferous marl. Bivalve and echinoid
fragments abundant; benthonic and planktonic foraminifers about
equal in number.

11-2

Yellowish gray fine crystalline limestone.
the crushed residue.

11-3

Light olive gray marl. Abundant echinoid and bivalve fragments
with numerous encrusting worm tubes. Benthonic foraminifers
outnumber the planktonic specimens.

11-4

Yellowish gray marl. Echinoid and bivalve fragments numerous;
worm tubes less common. Planktonic foraminifers slightly more
abundant than the benthonic specimens.

11-5

Light olive gray marl. Washed residue largely composed of
echinoid plates, bivalve fragments, and worm tubes. Planktonic
and benthonic foraminifers about equal in number.

11-6

Light olive gray marl.

11-7

Greenish gray marl. Echinoid, bivalve, and worm tubes abundant.
Burrow fillings abundant. Benthonic foraminifers numerous.

11-8

Light olive gray marl.
bivalves abundant.

11-9

Light olive gray marl. Echinoid fragments more abundant than the
bivalve fragments. Benthonic foraminifers numerous.

Ho fauna observed in

Abundant echinoid and bivalve fragments.

Ostracodes and fragments of echinoids and

11-10

Greenish gray marl. Abundant echinoid and bivalve fragments;
benthonic foraminifers more numerous than planktonic specimens.

11-11

Light yellowish gray fine grained limestone.
in the crushed residue.

11-12

Yellowish gray marl. Echinoid and bivalve fragments numerous.
Benthonic foraminifers numerous.

11-13

Yellowish gray limestone.
residue.

No fauna observed

Few fossils observed in the crushed
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Locality 12: Fort Worth Limestone (upper part), Denton Formation, and
Weno Formation (lower part) (see Plate 9B).
12-1

Greenish gray marl.

Most fauna rather sparse.

12-2

Light olive gray marl. Bivalve fragments numerous. Robulus sp.
and a large, biserial agglutinated foraminifer numerous.

12-3

Light olive gray marl. Bivalve fragments and small entire
Texi.gTyiph.aea shells abundant. Abundant benthonic foraminifers.

12-U

Light olive gray marl. Bivalvia shells abundant; smaller fauna
covered with matrix and difficult to identify.

12-5

Light olive gray marl. 90% of the washed residue is small Texi
gryphaea shells. Echinoid spines comprise about 1% of the residue.

12-6

Light olive gray slightly fossiliferous shale. Bivalve fragments
are about 30% of the residue. Benthonic foraminifers are more
abundant than the planktonic foraminifers.

12-7

Yellowish gi'ay marl.

12-8

Light olive gray marl.

12-9

Dusky yellow marl.

Washed residue is about 80% bivalve shells.

90% of the residue is bivalve shells.

Fauna mostly Bivalvia.

12-10

Yellowish gray fine grained limestone.

12-11

Yellowish gray thinly laminated marl.

12-12

Grayish orange to pale yellowish brown thinly laminated mar3.y
shale. Echinoid fragments prpminent in the washed residue.

12-13

Moderate yellowish brown clay. Bivalve and echinoid fragments
very prominent in the washed residue. Benthonic foraminifers
more abundant than the planktonic forms.

12-1U

Light yellowish brown marly clay. Well preserved gastropod shells
are numerous. Large specimens of Robulus sp. abundant.

Bivalvia fragments abundant.

Locality 13: Denton Formation (upj, r part) and Weno Formation (lower
part) (see Plate 9B).
13-1

Moderate olive gray marl. Texigryphaea abundant.
agglutinated foraminifers.

13-2

Light olive gray marl.

13-3

Olive gray fossiliferous marl.
Texigryphaea shells.

13-^

Light olive gray marl.

Numerous

Texigryphaea fragments abundant.
95% of the washed residue is

Bivalve fragments very abundant; echinoid
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fragments and microcrinoids numerous.
outnumber the planktonic specimens.

Benthonic foraminifers

13-5

Light yellowish gray fine crystalline limestone.
freed from the crushed residue.

13-6

Yellowish gray marly clay. AmmobaouVites sp. numerous and exceeding
the number of planktonic foraminifers. Tubular pieces of pyrite
and thin laminae of silty, micaeous sediment present.

13-7

Light olive gray to yellowish gray fine grained limestone.
residue with bivalvia fragments.

13-8

Dusky yellow thinly laminated shale. Echinoid and bivalve
fragments abundant; agglutinated foraminifera and microcrinoids
common.

Locality l4:

Few fossils were

Crushed

Weno Formation (see Plate 9B).

ll±-l

Light olive gray fossiliferous marl. Microcrinoids and fragments
of crab claws abundant. Large agglutinated foraminifers numerous.

lU-2

Yellowish gray limey marl.

1^-3

Light olive gray slightly marly clay. Echinoid, bivalve, and
gastropod fragments very conspicuous in the washed residue.
Large foraminifers numerous. 60% of the residue is lime fragments.

lU-4

Yellowish gray medium crystalline limestone.
fragments in the crushed residue.

lU-5

Light olive gray thinly laminated marl. Washed residue large
bivalve fragments. Echinoid spines and agglutinated foraminifers
conspicuous. A large percentage of the finer residue is small
planktonic foraminifers.

lU-6

Yellowish gray crystalline limestone.
in the crushed residue.

14-7

Yellowish gray marl. Echinoid and bivalve fragments abundant;
microcrinoids numerous. Benthonic and planktonic foraminifers
about equal in numbers.

lU-8

Yellowish gray marly limestone.
crushed residue.

lb-9

Light olive gray thinly laminated marl. Bivalve and echinoid
fragments about equally abundant; microcrionids rare. The
finest sized residue contains both benthonic and planktonic
species of foraminifers.

1^-10

Bivalve and echinoid fragments numerous.

Abundant shell

Few fossils were observed

Gastropods numerous in the

Pinkish gray fossiliferous limestone.
in crushed residue.

Molluscan fauna abundant

TO
14-11

Yellowish gray marl. Echinoid plates, bivalve fragments, microcrinoids, calcareous and agglutinated foraminifers numerous.
Benthonic and planktonic foraminifers occur in the finest sized
residue.

lh-12

Yellowish gray marl. Bivalvia and echinoid fragments abundant.
Benthonic and planktonic foraminifers about equal in numbers.

1^-13

Yellowish gray marl. Echinoid fragments slightly more abundant
than bivalve fragments. Microcrinoids numerous. Planktonic and
benthonic foraminifers about equal in numbers.

lU-l4

Very pale orange gray fossiliferous limestone. Bivalve and
echinoid fragments abundant in the crushed residue.

lU-15

Yellowish gray marl. Most fauna not freed from the matrix.
fragments make up a large percentage of the residue.

Lime

Locality 15: Pawpaw Shale and Main Street Limestone (lower part) (see
Plate 9C).
15-1

Yellowish gray marly clay. Washed residue with fragments of
gastropods, bivalves, and echinoids. Benthonic foraminifers more
abundant than planktonic foraminifers. Silty shale lenses .
common.

15-2

Light brown to dusky yellow marly clay.
fragments abundant.

15-3

Light olive gray to pale yellowish brown clayey shale. Gastropods
abundant; bivalves less common. Planktonic foraminifers more
abundant than the benthonic species.

15-4

Light olive black slightly marly clay. Washed residue with
bivalve fragments, pyrite, and fine silt. Benthonic foraminifers
more numerous than the planktonic foraminifers.

15-5

Yellowish gray thinly laminated, slightly shaley marl. Bivalve
and echinoid fragments abundant. Foraminifers rare, but probably
concealed by the limey matrix.

15-6

Yellowish gray marl. Bivalvia and echinoid fragments abundant.
Planktonic foraminifers rare, but probably concealed by the limey
matrix.

Bivalvia and echinoid

Locality 16: Upper part of the Main Street Limestone and the lower
part of the Grayson Marl (see Plate 9C).
16-1

Yellowish gray fine grained limestone.

16-2

Yellowish gray marl. Kingena waooensis, bivalve, and echinoid
fragments abundant. Benthonic foraminifers are more abundant than
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the planktonic foraminifers.
16-3

Yellowish gray marl. Texigryphaea and Ilymatogyra abundant.
Benthonic and planktonic foraminifers about equal in numbers but
not very numerous.

16-U

Yellowish gray marl. Texigryphaea and Ilymatogyra abundant.
About equal numbers of benthonic and planktonic foraminifers.
Limestone nodules abundant.

16-5

Yellowish gray very fossiliferous marl. Bivalvia abundant.
Microcrinoids , large benthonic calcareous foraminifera and
agglutinated foraminifera numerous.

16-6

Yellowish gray marl. Ilymatogyra abundant. Benthonic foraminifers
more abundant than the planktonic foraminifers.

16-7

Yellowish gray marl. Ilymatogyra abundant. Benthonic and
planktonic foraminifers about equal in numbers.

16-8

Yellowish gray marl. Ilymatogyra very abundant. Benthonic
foraminifers more numerous than the planktonic specimens. Other
fauna rare.

Locality 17:

Grayson Marl (see Plate 9C).

17-1

Yellowish gray marl.

Bivalvia abundant.

17-2

Yellowish gray marl. Texigryphaea abundant. Benthonic foramin
ifers more abundant than planktonic foraminifers.

17-3

Yellowish gray marl. Bivalvia and echinoid fragments with
numerous small gypsum crystals present.

17-^

Light olive gray marl. Pyrite has replaced the gastropods in this
sample. Bivalvia shells abundant. Planktonic and benthonic
foraminifers about equal in numbers.

17-5

Yellowish gray marly clay. Bivalvia, echinoids, and steinkerns of
gastropods rather abundant. Planktonic foraminifers numerous.

17-6

Greenish gray slightly marly clay. Molluscan and echinoid frag
ments very abundant. Benthonic foraminifers numerous.

17-7

Greenish gray slightly clayey marl. Echinoid fragments very
abundant, bivalve fragments abundant. Benthonic foraminifers
abundant in the coarser residue; planktonic foraminifers very
abundant in the finer sized residue.

17-8

Yellowish gray slightly marly clay.
foraminifers abundant.

17-9

Dusky yellow marly clay.

Echinoid spines and planktonic

Gastropods and echinoid fragments
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prominent; benthonic foraminifers numerous. A large quantity of
cylindrical objects replaced by limonite present in the washed
residue.
17-10

Yellowish gray marl. Echinoid fragments abundant, associated with
silty laminae in the coarser residue. Abundant planktonic fauna
in the finer residue.

17-11

Yellowish gray marl. Abundant bivalve fragments. Agglutinated
and calcareous foraminifers are abundant in the coarse residue;
planktonics abundant in the fine residue.

17-12

Moderate brown gypsum lens
present.

17-13

Yellowish gray fossiliferous marly clay. Bivalve and echinoid
fragments abundant. Planktonic foraminifers slightly more
abundant than the benthonic foraminifers.

17-lH

Dark yellowish orange lenses of clay and gypsum.

17-15

Yellowish gra^/ marl. Echinoid plates abundant in the coarse
residue. Benthonic and planktonic foraminifers about equal in
numbers.

17-16

Yellowish gray clayey marl. Bivalvia fragments dominate the
residue on the coarser screens. Large specimens of Robulus sp.
abundant.

17-17

Light olive gray fossiliferous marly clay with yellowish gray
spots. Bivalve shells abundant; echinoids, worm tubes, bryozoans,
and Robulus sp. prominent. No inorganic clastic material was
present in the washed residue.

17-18

Dark yellowish orange clay and gypsum.

17-19

Yellowish gray fossiliferous marl. Bivalvia fragments abundant;
worm tubes, bryozoans, and Robulus sp. all frequent. Planktonic
and benthonic foraminifers about equal in numbers.

17-20

Yellowish gray marl. Bivalve fragments abundant; echinoid
fragments and worm tubes numerous; Robulus sp. abundant.

17-21

Yellowish gray marl. Bivalve fragments, echinoid fragments, and
microcrinoids abundant. Planktonic and benthonic foraminifers
about equal in numbers.

17-22

Yellowish gray fossiliferous marl. Most common invertebrates are
the bivalve fragments. Limey matrix conceals most of the fauna.

17-23

Yellowish gray fossiliferous marl. Bivalvia abundant. Benthonic
foraminifers somewhat more abundant than the planktonic foramin
ifers.

within the shale bed.

No fauna

No fauna present.

No fauna present.
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17-2k

Light olive gray marly clay. Approximately 95$ of the washed
residue is bivalve fragments. Planktonic foraminifers abundant.

17-25

Light olive gray marly clay. Bivalve fragments, echinoid fragments,
steinkerns of gastropods, and Robulus sp. all abundant. The finer
residue is almost entirely small foraminifers. No inorganic
clastic residue present.

17-26

Yellowish gray fossiliferous marly clay. Texigryphaea abundant.
Planktonic foraminifers abundant. Inorganic clastic residue
contains a large quantity of thinly laminated siltstone fragments.

17-27

Light olive gray fossiliferous clay. Abundant echinoid, bivalve
fragments, and cylinderical ferruginous burrows (?).

17-28

Light olive gray marl.

17-29

Greenish gray clayey marl. Bivalvia fragments and less numerous
echinoid fragments both abundant. Abundant numbers of planktonic
and benthonic foraminifers, about equal in numbers.

17-30

Light olive gray marl. Cylinderical "burrows", echinoid fragments,
and Bivalvia fragments all abundant.

17-31

Yellowish gray marl. Bivalvia fragments abundant. Various inver
tebrates present in the silty lenses making up much of the residue.

Echinoid and bivalve fragments abundant.

17-32 ' Yellowish gray marl with thin bands of olive gray marl and small
(0.5 mm.) gypsum crystals. Bivalvia fragments abundant.
17-33

Yellowish gray marl. Bivalvia fragments abundant; planktonic and
benthonic foraminifers abundant. Siltstone lenses make up a
large portion of the clastic residue.

17-3^

Dusky yellow clay and thin zones of gypsum crystals. Wo larger
invertebrates present. Planktonic foraminifers much more abundant
than the benthonic foraminifers.

17-35

Yellowish gray marly clay. Bivalvia abundant. 80$ of the residue
below the 60 mesh screen is planktonic foraminifers.

17-36

Grayish orange marly clay. Bivalvia fragments abundant. Planktonics very abundant in the finer residue. Limonite stained
silt fragments abundant in the coarser residue.

Locality 18:
18-1

Buda Limestone (see Plate 9C).

Moderate yellowish orange limestone with greenish black to black
grains of glauconite. Most fauna freed from the matrix were
poorly preserved and difficult to identify. Crushed residue
consists of lime fragments with glauconite.

A P P E N D I X

C

FREQUENCY TABLES

The tables in Appendix C have been prepared to show the species
which are present at each locality and their relative abundance in each
sample collected from these localities.

The following terms are used

to indicate species abundance in the various samples.

S:

Single specimen

R:

Rare, 2-5 specimens in the washed residue

C:

Common, 6-20 specimens recovered

A:

Abundant, more than 20 specimens recovered

?:

Questionable identification of the species

7^
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LOCALITY 1
FORMATION OR MEMBER

Palu>cy

SAMPLE NUMBER

1

Bairdia comanchensis

Walnut Marl
2

3

h

5

6

7

Bythocypris goodlandensis

S

Paracypris goodlandensis

R

S

R

R

R

C

A

A

C

R

A

9

10

S

S

Asciocythere (?) rotunda

8

R

Genus A, n. gen., sp. A, n. sp

S
R

S

C?

Schuleridea oliverensis

A

C

A

A

C

C

C

A

A

Eocytheropteron howelli

A

A

A

A

A

A

C

C

C

Eocytheropteron paenorbiculatum

R

R

S

C

R

s

Eocytheropteron tumidum

C

•C

Centrocythere cf. C. annulopapillata

R
C

C

C

s

R

R

Cythereis carpenterae

R

S

R

R

Cythereis fredericksburgensis

A

A

A

A

A

A

A

A

A

Cythereis mahonae

C

C

R

R

€

C

C

C

R

Cythereis sp. A, n. sp.

C

C

A

A

A

A

C

A

C

Cythereis sp. C, n. sp.

R

S

C

C

R

S

S

R

C

S

Cythereis sp. E, n. sp.
Isocythereis (?) sp. B, n. sp.

R

Cytherella fredericksburgensis

A

Cytherelloidea spp.

R

V

A

S

•

A

C

S

R

R

S

A

C

A

R

R

C
R

LOCALITY 2

FORMATION OR MEMBER
SAMPLE NUMBER

Marys Creek Marl
1

2

3

k

5

6

7

8

9

10

R

R

S

Bairdia comanchensis
Bythocypris goodlandensis

S

Paracypris goodlandensis

R

R

S

C

R

C

C

C

C

Schuleridea oliverensis

A

C

C

A

A

A

A

A

A

S

S

S

Cytheropteron Meornutum
Eocytheropteron howelli

R
C

Eocytheropteron paenorbiculatum

R

Eocytheropteron tumidum
Centrocythere cf. C. annulopapillata

S
A

C

A

R

C

R

C

A

A

A

C

c

c

a

C
C

C

Cythereis carpenterae

S

R
R

c

Cythereis fredericksburgensis

a

c

Cythereis mahonae

r

A

c

a

c

a

r

Cythereis sp. A, n. sp.

a

c

r

c

c

c

a

a

c

c

c

c

c

C

C

Cythereis sp. C, n. sp.

C

a

R

r

Cythereis sp. E, n. sp.

a

Isocythereis (?) sp. B, n. sp.

r

S

Stillina asterata

r

S

R

R

S

Cytherella fredericksburgensis

a

R

R

A

a

C

Cytherella scotti
Cytherelloidea spp.

a

a
R

S

S

s

s

R
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LOCALITY 2

Marys Creek Marl
1

2

3

u

5

6

7

8

9

10

11 12

13

lit

15

S
S

S

R

R

S

C

A

S

C

R

R

S

c

R

C

C

C

c

R

A

C

C

A

C

C

A

A

A

A

A

A

A

A

A

A

S

S

S

R

A

R

C

R
C
.atum

R

A

C

A

A

C

A

A

R

C

R

C

C

C

C

C

A

A

A

C

C

R

R

R

C

C

C

A

A

A

C

A

A

R

R

C

C

C

A

A

A

A

R

R

C
C

>papillata

C

S

R
R

>is

A

C

R

A

C

A

C

A

R

A

C

R

C

c

C

A

C

sis

A

R

A
sp.

A

c

C

C

C

C

S

C

C

C

C

C

R

R

R

R

R

R

A

A

R

S

R

S

R

R

S

A

R

R

A

A

A

R
A

A

R

S

R
S

S

S

S

R
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LOCALITY 3

FORMATION OR MEMBER
SAMPLE NUMBER

Marys Creek Marl
1

Bythocypris goodlandensis
Paracypris goodlandensis

C

2

3

1+

5

6

7

R

S

R

S

S

C

C

C

R

A

8

9

S

Asciocythere goodlandensis
Schuleridea oliverensis

10

11

R

P

S
A

A

A

A

A

A

A

A

A

Cytheropteron bicornutum

£

Eocytheropteron howelli

A

A

C

A

A

Eocytheropteron tumidum

S

Centrocythere cf. C. annulopapillata

R

C

R

R

R

C

Cythereis carpenterae

A

A

C

R

R

A

Cythereis fredericksburgensis

C

A

A

C

A

A

Cythereis mahonae

A

R

S

R

Cythereis sp. A, n. sp.

A

A

A

C

Cythereis sp. C, n. sp.

A

Cythereis sp. E, n. sp.

R

A

R

Isocythereis (?) sp. B, n. sp.

C

R

Stillina asterata

S

Cytherella fredericksburgensis
Cytherelloidea spp.

F

S

A
S

C

C

I
C

S

I

R

A

R

I

A

C

C

A

£

C

C

R

C

C

f

A

R

S

s

R

k.C

R
S

A

A

A

A

c

S

C

S

S

LOCALITY k

FORMATION OR MEMBER
SAMPLE NUMBER

Marys Creek karl
1

2

3

h

Bythocypris goodlandensis

S

R

S

R

Paracypris goodlandensis

C

C

S

C

5

Benbrc

6

7

8

9

10

C

R

C

R

Bairdia comanchensis
R
S

C

R

Asciocythere goodlandensis

s

Genus A, n. gen., sp. A, n. sp.
Schuleridea oliverensis
Cytheropteron bicornutum
Eocytheropteron howelli

R
A

A

R

A

R

A

A

.C

R

'

A

A

C

S

A

R

R

Eocytheropteron paenorbiculatum

S

Eocytheropteron pirura

S

C

R
S

Eocytheropteron semiconstrictum
Centrocythere cf. C. annulopapillata

R

C

S

R

R

Cythereis carpenterae

S

C

S

c

R

c

R

Cythereis fredericksburgensis

A

A

r

A

R

A

A

Cythereis mahonae

C

R

A

R

Cythereis sp. A, n. sp.

A

C

A

A

Cythereis sp. C, n. sp.

R

Cythereis sp. E, n. sp.

R

R

A

Isocythereis (?) sp. B, n. sp.

R

C

C

Stillina asterata

R

r

r

r

Cytherella fredericksburgensis

C

A

A

c

Cytherella scotti
Cytherelloidea spp.

r

S
A

R

A

R

R

R

c

r

C

s
R

c

s
S

C

s

A

c
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LOCALITY k

MEMBER
I

Marys Creek karl
1

2

3

k

5

6

Benbrook Limestone
7

8

9 *10

11

12

13

lU

15

R
jnsis

S

R

S

R

1SXS

C

C

S

C

R
S

C

R

lensis

R

S

C

R

C

S
S

R

S

. A, n. sp.
3is

C

R

R
A

A

R

A

R

A

A

S
A

C

A

A

A

C

R

C

C

•

atum

R

R*
*

lli

A

C

S

A

R

arbiculatum

R

C

S

R

A

S

S?

S
constrieturn
annulopapillata

C
R

C

S

R

R

e

S

C

S

C

R

C

R

burgensis

A

A

R

A

R

A

A

R

A

R

C

A

A

C

R

S

3p.

A

3p.

R

3p.

R

R

A

R

C

C

R

R

R

R

C

A

A

C

B, n. sp.

3burgensis

A

R

A

R

C

R

R

C

C

S

R

S

A

S

A

C

S

A

A

C

A

C

C

R

R

R

S
C

R

C

S

C

R

R

R

S

A

C

A

R

S
S

S

S

S

R

S

S

R

C

LOCALITY 5

*

FORMATION OR MEMBER
SAMPLE NUMBER

Benbrook Limestone
1

2

3

U

Bairdia comanchensis

R

C

Bythocypris goodlandensis

S

S

A

C

A

A

R

R

A

C

Paracypris goodlandensis
\

A

Asciocythere goodlandensis

R

Genus A, n. gen., sp. A, n. sp.

C

S

Schuleridea oliverensis
Cytheropteron bicornutum

C

C

S

Eocytheropteron howelli

c

A

C

Eocytheropteron paenorbiculatum

R

Eocytheropteron pirum

S

Eocytheropteron tumidum

A

Centrocythere cf. C. annulopapillata

c

C

C

Cythereis fredericksburgensis

A

A

A

Cythereis mahonae

A

Cythereis sp. A, n. sp.

A

A

C

S

Cythereis sp. E, n. sp.

S

Stillina asterata
Cytherella fredericksburgensis

R
A

R

A

Cytherella scotti

R

Cytherelloidea spp.

C

A

S

5

6

s

s

s

LOCALITY 6

FORMATION OR MEMBER

Goodland Fm.

SAMPLE NUMBER
Bairdia comanchdnsis

1

2

C

C

Bythocypris goodlandensis
Paracypris goodlandensis

Kiamichi Formation
3

H

5

6

7

8

9

1 0

R
R

A

Asciocythere goodlandensis

A

C

Genus A, n. gen., sp. A, n. sp.

S

Schuleridea oliverensis

R

S

Pontocyprella roundyi

A
C

Schuleridea sp. B, n. sp.

C?

Cytheropteron bicornutum

C

R

A

C

Eocytheropteron cf. E. delrioensis
Eocytheropteron howelli

C

Eocytheropteron pirum
Eocytheropteron semiconstrictum

C

Eocytheropteron tumidum
Centrocythere cf. C. annulopapillata

S
C

C

C

A

R

Cythereis carpenterae
Cythereis fredericksburgensis

S

C

Cythereis mahonae

R

Cythereis sp. A, n. sp.

C

Cythereis sp. E, n. sp.

S

Isocythereis (?) sp. B, n. sp.

R

Cytherella fredericksburgensis

A

C

A '

C

C

R

8o

LOCALITY 6

•RMATIOtf OR MEMBER

Goodland Fm.

Kiamichi Formation

MPLE NUMBER

1

2

manchdnsis

C

C

s goodlandensis
; goodlandensis

3

U

5

6

T

8

9

10

11

12

13

S

s

R

s

R

R

A

A

S

R

R

R
R

A

S

:11a roundyi
sre goodlandensis

A

i. gen., sp. A, n. sp.

S

:a Oliverensis

R

C
A
C

»a sp. B, a. sp.

C?

;ron bicornutum

C

C

S

R

pteron cf. E. delrioensis
pteron howelli

s
C

A

C

C

S

pteron semiconstrictum

c

C

pteron tumidum

S
C

R

C

carpenter ae
fredericksburgensis

C
R

R

pteron pirum

lere cf. C. annulopapillata

R

R

A

C

R

R

C

s
C

A ' S

C

mahonae

R?

c

C
A

A

R

R

R

sp. A, n. sp.

C

sp. E, n. sp.

S

iis (?) sp. B, n. sp.

R

i fredericksburgensis

A

C

A '

C

C
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LOCALITY 7

FORMATION OR MEMBER
SAMPLE NUMBER

Kiamichi Formation

k

Duck Cr eek Fm.

1

2

3

Paracypris goodlandensis

C

R

S

Pontocyprella roundyi

R

R

R

R

S

Genus A, n. gen., sp. A, n. sp.

A

A

A

A

A

Schuleridea oliverensis

S

Schuleridea sp. B, n. sp.

C

R

R

C

R

Cytheropteron bicornutum

C

R

R

C

A

R

R

R

R

A

C

R

S
C

7

8

9

10

S

R
C

6

R

R

Eocytheropteron pirum
Eocytheropteron semiconstrictum

C

C

C

C

Eocytheropteron tumidum

s

A

A

C

Centrocythere cf. C. annulopapillata

C

S

C

R

S

Cythereis carpenterae

R

R

R

S

Cythereis fredericksburgensis

A

A

A

A

S

A

A

R

C

S

C

R

A

C

R

C

R

S
S

C

R
R

A

A

R

A

A

Cythereis krumensis

R

Cythereis mahonae

R

S

Cythereis nuda

A

Cythereis sp. A, n. sp.

C

Isocythereis (?) sp. B, n. sp.

R

Stillina asterata

C

Cytherella fredericksburgensis

C

Cytherelloidea spp.

11

S

Eocytheropteron cf. E. delrioensis
Eocytheropteron howelli

5

C

R

C

A

S
R

C

C

C

C

C

C

R

R

S

S

C
C
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LOCALITY 8

FORMATION OR MEMBER

Kiamichi F m.

SAMPLE UUMBER

1

Paracypris spp.
Genus A, n. gen., sp. A, n. sp.

Duck Creek Formation
2

3^

5

6

R

R

7

C

Cytheropteron rugosalatum

R

Eocytheropteron cf. E. delrioensis

R

Eocytheropteron howelli

R

Eocytheropteron semiconstrictum

C

Eocytheropteron tumidum

A

Centrocythere cf. C. annulopapillata

S

S

R

Cythereis dentonensis
Cythereis fredericksburgensis

S
A

Cythereis krumensis
Cythereis mahonae

A

R

C

A

A

R

R

R

Cythereis nuda

A

A

Cythereis paupera
Cythereis vorthensis
Cythereis sp. A, n. sp.

8

S

S

C

Isocythereis sp. C, n. sp.

C

Cytherelloidea spp.

S

C

LOCALITY 9

FORMATION OR MEMBER
SAMPLE NUMBER

Duck Creek Formation
1

2

h

8

9

R

R

R

S

R

R

C

C

R

C

C

R

A

A

A

A

A

A

Cythereis sp. F, n. sp.

C

C

Isocythereis sp. A, n. sp.

R

R

A

R

R

C

R

3

5

6

7

Macrocypris graysonensis
Paracypris spp.

C

R

Pontocyprella alexanderi
Schuleridea washitensis var. A, n. subsp.

R

Cytheropteron rugosalatum

R

Centrocythere cf. C. annulopapillata

R

C

R

R

Cythereis dentonensis

R

Cythereis krumensis

A

Cythereis nuda

A

Cythereis paupera

S

A

C

S

A

A

A

Cythereis vintoni
Cythereis vorthensis

Isocythereis sp. C, n. sp.

C

C

Isocythereis sp. C, var. A, n. subsp.
Cytherella comanchensis
Cytherelloidea spp.

R

C

R

R

10

4
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LOCALITY 9

ION OR MEMBER
NUMBER

Duck Creek Formation
1

2

3

k

5

6

7

8

9

10

11

aysonensis
•

C

R

shitensis var. A, n. subsp.

R

R

C

C

R

S

R

R

R

rugosalatum

R

cf. C. annulopapillata

R

C

R

R

R

R

C

C

R
A
A

A

C

S

A

A

S

A

aensis

S

S

R

R

S

A

C

A

S
R

S

C

C

C

C

A

C

R

C

R

S

R

C

A

A

A

A

R

C

A

A

A

A

F, n. sp.

C

C

C

R

p. A, n. sp.

R

R

R

R

S

C

C

R

R

A

R

C

R

R

C

A

R
S
S

anchensis
R

R

S

C

p. C, var. A, n. subsp.

spp.

15

R

oni

p. C, n. sp.

lfc

R

onensis

era

13

S

alexanderi

ensis

12

R

C

C

R

C

A

A

C

C

C

C

C

C

C

C

LOCALITY 10

FORMATION OR MMBER
SAMPLE NUMBER

Fort Worth Limestone
1

Paracypris spp.
Pontocyprella alexanderi

R

2

3

k

5

R

C

R

S

R

C

C

Monoceratina trinodosa

6

7

8

R

R

C

C

10 :
R

S

Cytheropteron rugosalatum

S

Centrocythere cf. C. annulopapillata

S

Cythereis d^ntonensis

A

R

C

s

R

C

A

C

R

A

A

S

Cythereis krumensis

S

Cythereis nuda
Cythereis paupera

9

A

Cythereis pustulosissima

A

c

A

A

A

R

R

R

R

A

R

Cythereis wintoni

R

Cythereis worthensis

A

S

A

A

A

C

A

A

Cythereis sp. F, n. sp.

A

S

A

c

C

A

C

C

Isocythereis sp. A, n. sp.

C

R

R

Isocythereis sp. C, n. sp.

R

R

R

R

Isocythereis sp. C, var. A, n. subsp.

A

Cythferella comanchensis

A

Cytherelloidea spp.

A

%-

C

R

S

A

R

A

C

C

S

A

C

A

A

A

A

C

C

A

C

C

A

8U

LOCALITY 10

FORMATION OR MjjMBER
SAMPLE NUMBER

Fort Worth Limestone
1

•is spp.
>rella alexanderi

R

2

3

k

5

R

C

R

S

R

C

C

6

7

8

R

R

C

C

10

11

12

R

C

R

A

A

A

S

R

13

S

itina trinodosa
>teron rugosalatum

S

rthere cf. C. annulopapillata

S

.s dgntonensis

A

R

C

S

R

C

A

C

R

A

Ls krumensis
S

Ls nuda
Ls paupera

9

A

Ls pustulosissima

A

C

A

A

A

A

A

C

A

R

C

A

A

R

Ls wintoni

R

Ls worthensis

A

S

Ls sp. F, n. sp.

A

S

=reis sp. A, n. sp.

C

jreis sp. C, n. sp.

R

jreis sp. C, var. A, n. subsp.

A

.la comanchensia

A

.loidea spp.

A

%•

R

R

R

R

R

A

A

A

C

A

A

A

A

C

A

C

C

A

C

C

S

C

c

R

R

R

R

R

S

C

R

S

A

C
C

c

A

R

A

C

C

S

c

A

C

A

A

A

A

A

C

c

C

C

A

C

C

A

C

C

c

LOCALITY 11

FORMATION OR MEMBER
SAMPLE NUMBER
Paracypris spp.

Fort Worth Limestone

1

2

S

3

k

5

6

7

8

9 10

C

C

A

R

A

A

A

A

C

C

R

C

Pontocyptella alexanderi

S

Monoceratina trinodosa
Schuleridea washitaensis var. A,n. subsp.

S

Paracyprideis graysonensis

s

Cytheropteron rugosalatum

R

R

S

C

R

S
C

Centrocythere cf. C. annulopapillata

C
S

Cythereis dentonensis

C

R

R

C

C

S

A

C

C

Cythereis nuda

A

A

C

R

C

C

C

C

R

Cythereis paupera

C

C

A

A

A

A

A

A

C

Cythereis pustulosissima

A

A

A

A

C

A

A

C

A

S

R

S

Cythereis wintoni
A

A

A

A

A

A

A

C

C

R

R

R

R

C

R

R

R

R

C

C

C

R

C

A

C

A

C

A

C

A

A

Cythereis sp. F, n. sp.

C

A

Isocythereis sp. A, n. sp.

s

R

Isocythereis sp. C, n. sp.

c

Isocythereis sp. C. , var. A, n. subsp.
Cytherella comanchensis

*

Cytherelloidea sp. 3» n. sp.
Cytherelloidea spp.

C

C

S

S
C

A

C

C

C

C

C

C

85
LOCALITY 11

Fort Worth Limestone

RMATIOW OR MEMBER
MPLE NUMBER
spp.

1

2

S

3

k

5

6

7

8

9 10 11 12 13

C

C

A

R

A

A

A

A

C

C

C

C

R

C

C

R

11a alexanderi

S

S

na trinodosa
a washitaensis var. A,n. subsp.

s

eis graysonensis

S

ron rugosalatum

R

R

S

C

R

S
C

C

S

s

.ere cf. C. annulopapillata
dentonensis

c

R

R

C

C

S

A

C

C

c

S

nuda

A

A

C

R

C

C

C

c

R

c

C

paupera

C

C

A

A

A

A

A

A

C

c

R

pustulosissima

A

A

A

A

C

A

A

C

A

A

C

S

R

S

wintoni
sp. F, n. sp.

A

A

A

A

A

A

A

A

C

C

C

R

R

R

R

C

R

R

R

R

R

R

C

C

C

R

C

R

A

C

A

c

A

C

A

A

A

C

C

C

C

A

:is sp. A, n. sp.

S

R

sis sp. C, n. sp.

C

;is sp. C., var. A, n. subsp.
a comanchensis

C

•

aidea sp. 3, n. sp.
aidea spp.

R

C

S
C

A

C

c

C

S
C

C

C

LOCALITY 12
FORMATION OR MEMBER

Denton Formation

Fort Wc>rth Ls.

SAMPLE NUMBER

1

2

3

k

5

6

7

Bairdia comanchensis

8
R

Paracypris spp.

A

A

A

A

C

Pontccyprella alexanderi

C

C

C

C

C

Monoceratina trinodosa

c

A

C

C

A

A

R

R

Paracyprideis graysonensis

S

Cytheropteron rugosalatum

C

C

C

R

R

A

R

C

R

R

R

Cytheropteron wenoense

R

Centrocythere cf. C. annulopapillata

R

Cythereis dentonensis

c

C

C

R

Cythereis hawleyi
Cythereis nuda

c

R

R

Cythereis paupera

A

A

A

A

Cythereis pustulosissima

A

A

A

C

Cythereis wintoni

S

C

c

R

C

R

R

A

C

R

C

R

S

C

R

C

A

c

S

R

C

R

A

C

A

R

Cythereis worthensis var. J, n. subsp.
Cythereis sp. F, n. sp.

9

A

C

A

A

Isocythereis sp. C, n. sp.

R

C

Isocythereis sp. C, var. A, n. subsp.

R

R

C

S

Cytherella comanchensis

a

A

a

A

Cytherelloidea sp. 3, n. sp.

s

Cytherelloidea spp.

A

C

R

C

Isocythereis sp. A, n. sp.

c

R

A

c

S

R

r

r

c

R

c

C

A

S

r

R

r

C

C

10

86
LOCALITY 12
riON OR MEMBER

Denton Formation

Fort Wc>rth Ls.

E WUMBER

1

2

3

1+

5

6

7

:hensis

Palexanderi

8

A

A

A

A

C

C

C

C

C

C

c

A

C

C

C

C

C

A

A

R

C

S

S

C

R

R

graysonensis

S

rugosalatum

C

C

C

R

R

A

R

C

C

R

R

R

R

wenoense

R

cf. C. anniilopapillata

R
C

C

C

R

leyi
a

C

R

R

pera

A

A

A

A

tulosissima

A

A

A

C

toni

S

C

C

R

C

R

R

A

A

C

R

S

C

R

C

A

C

S

R

C

R

A

C

A

R
R

C

R

C

•

R

A

C

A

C

C

R

R

A

C

R

C

C

C

C

A

C

R

R

R

thensis var. J, n. subsp.
F, n. sp.

9 10 11 12 13 lit

R

trinodosa

tonensis

Weno Fm.

A

A

C

C

R

c

sp. A, n. sp.
sp. C, n. sp.

R

C

sp. C, var. A, n. subsp.

R

R

C

S

manchensis

A

A

A

A

a sp. 3, n. sp.

S

a spp.

A

C

R

A

C

S

R

R

R

C

A

C

A

R

R

C

C

A

A

C

A

C

S

R

R

R

C

C

S

R

C

87
LOCALITY 13

FORMATION OR MEMBER
SAMPLE HUMBER

Denton Fra,

1

2

Bairdia comanchensis

3

5

6

7

8

S

Paracypris spp.

C

C

Pontocyprella alexanderi

c

C

Schuleridea washitaensis var. A, n. subsp.

s

R

R

Paracyprideis graysonensis

c

S

Cytheropteron wenoense

R

Centrocythere cf. C. annulopapillata

S

Cythereis dentonensis

U

S

Macrocypris graysonensis

Cytheropteron rugosalatum

Weno Formation

C

C

C

A

C

C

c

C

c

R

C

C

A

Cythereis hawleyi

A

Cythereis nuda

C

R

Cythereis paupera

A

A

Cythereis pustulosissima

A

R

Cythereis wintoni

C

C

A

R

C

R

Cythereis worthensis var. J, n. subsp.

A

A

A

Cythereis sp. F, n. sp.

A

A

A

Isocythereis sp. A, n. sp.

S

C

S

A

S
S

Isocythereis sp. C, n. sp.
Isocythereis sp. C, var. A, n. subsp.

A

R

A

A

R

Cytherella comanchensis

A

A

C

A

R

Cytherelloidea sp. 3, n. sp.

R

S

R

R

Cytherelloidea spp.

A

C

R

R

A
A

R

LOCALITY lh

Weno Formation

FORMATION OR MEMBER
SAMPLE NUMBER

1

2

3

h

5

6

7

8

9

Bairdia comanchensis
Macrocypris graysonensis

S

Paracypris spp.

R

R

R

C

C

C

Pontocyprella alexanderi

C

C

C

R

c

C

s

s

c

A

Monoceratina trinodosa
Schuleridea washitaensis var. A, n. subsp.

S

Paracyprideis graysonensis

S

A

R

C

C
R

Cytheropteron acutolatum
Cytheropteron rugosalatum

R

S

Cytheropteron wenoense

C

R

Centrocythere cf. C. annulopapillata

S

R

Cythereis dentonensis

A

Cythereis hawleyi

A

Cythereis nuda

s

R
S

S

R

S

c

C

A

c

A

A

C

Cythereis paupera

A

A

R

A

A

A

Cythereis pustulosissima

A

C

S

S

C

A

C

C

A

A

A

A

R

C

A

C

A

A

Cythereis sandidgei
Cythereis wintoni
Cythereis worthensis var. I, n. subsp.
Cythereis sp. F, n. subsp.

A

Isocythereis sp. A, n. sp.

A

A

R

Isocythereis sp. C, n. sp.
Isocythereis sp. C, var. A, n. subsp.

C

C

A

A

C

R

Cytherella comanchensis

A

A

A

A

A

A

C

R

C

C

R

Cytherelloidea sp. 3, n. sp.
Cytherelloidea spp.

C

C

S

R

10

88
LOCALITY lU

Weno Formation

OR MEMBER

4BER

1

2

3

k

5

6

7

8

9

3is

anensis

icanderi

R

R

lh

15

R

C

C

C

C

C

C

C

C

R

C

C

C

C

C

A

S

S

C

A

C

C

A

C

/•sonensis

s

A

R

C

C

C

C

tolatum

R

asalatum

R

aense

C

R

S

R

S

A

S

S

R

S

R

R

R

C

C

R

R

S

C
c

C

C

R

R

A

C

A

A

C

A

A

R

A

C

A

A

A

C

A

A

R

A

A

A

A

R

A

C

A

C

S

S

C

A

A

A

A

c

R

ei

sis var. I, n. subsp.
1. subsp.

A

i , n. sp.

A

A

R

S

R

S

C

C

A

A

A

A

A

R

A

A

R

C

A

C

R

A

C

C

C

R

n. sp.
), var. A, n. subsp.

C

C

A

A

C

R

R

lensis

A

A

A

A

A

A

A

C

R

C

C

3, n. sp.
i.

13

R

S

sissima

12

R

baensis var. A, n. subsp.

is is

11

S

Ddosa

C. annulopapillata

10

R
C

C

S

R
A

A

A

C

C

R

R
R

C

LOCALITY 15

FORMATION OR MEMBER

Pawpaw Sh. Main Stre et Ls.

SAMPLE NUMBER

1

2

3

k

5

6

Bairdia comanchensis

S

Paracypris spp.

C

R

R

c

Pontocyprella alexanderi

A

C

C

R

Schuleridea washitaensis var. A, n. subsp.

C

R

S

Paracyprideis graysonensis

A

A

Cytheropteron acutolatum

C

s

Cytheropteron rugosalatum

C

C

Centrocythere cf. C. annulopapillata

R
C

R

s

R

S
S

Protocythere alexanderi
Cythereis dentonensis

S

Cythereis hawleyi

s?

Cythereis nuda

c

A

Cythereis paupera

c

C

Cythereis pustulosissima

c

C

Cythereis sandidgei

R

R

R

C

C

A

R
R

C

R

R

C

c

s

Cythereis wintoni
Cythereis sp. F, n. sp.

A

A

Isocythereis sp. A, n. sp.

C

A

C

C

c

A

C

R

C
C

Isocythereis sp. C, n. sp.
R

Isocythereis sp. C, var. A, n. subsp.

C
A

Timiriasevia (?) sp. A
Cytherella comanchensis

A

A

A

Cytherelloidea sp. 3, n. sp.

s

Cytherelloidea spp.

S

C

R

A

S

C

C

90
LOCALITY 16

FORMATION OB MEMBER

Grayson Marl

Main Street Ls.

SAMPLE KUMBER
Bairdia comanchensis

1

2

3

h

S

R

R

5

7

8

R

C

C

C

C

C

C

c

6
s

Macrocypris graysonensis
Paracypris spp.

S

S

S

Pontocyprella alexanderi

R

R

C

S

S

Monoceratina trinodosa
Schuleridea washitaensis var. A, n. subsp.

S

S

Paracyprideis graysonensis

C

Cytheropteron wenoense

S?

Protocythere alexanderi

C

A

Cythereis dentonensis

R

C

Cythereis nuda

A
C

Cythereis paupera

C

C

S

S?

C

R

C

c

A

R

Cythereis sp. B, n. sp.

C

c

C

A

A

C

C

S

C

C

R

Cythereis sp. F, n. sp.

R

R

Cythereis sp. H, n. sp.

C

S

Isocythereis sp. C, n. sp.

C

C

Isocythereis sp. C, var. A, n. subsp.

R

C

C

c

C

Timiriasevia (?) sp. A

c

Cytherella comanchensis

C

R

c

C

C

C

A

Cytherelloidea spp.

R

R

R

C

C

C

C

FORMATION OR MEMBER

6

7

8

A

C

R

c

c

A

s

R

R

c

c

C

h

1

2

3

Macrocypris graysonensis

R

S

R

Paracypris spp.

C

A

C

C

R

C

C

R

Protocythere alexanderi

R

S,

Cythereis burlesonensis

C

S

Cythereis dentonensis

R

Cythereis roanoakensis

R

SAMPLE NUMBER

5

Bairdia comanchensis

Pontocyprella alexanderi

c

Alatacythere sp. A, n. sp.
Schuleridea "washitaensis
Paracyprideis graysonensis

R
R

Paracyprideis (?) sp. A, n. sp.
Eocytheropteron sp. A, n. sp.
R

R

R

R

C

Cythereis subovata
Cythereis sp. B, n. sp.

C

C

Cythereis sp. D, n. sp.

R

R

Cythereis sp. G, n. sp.

R

R

c

C?

Cythereis sp. H, n. sp.

C

Isocythereis sp. C, n. sp.

R

Timiriasevia (?) sp. A, n. sp.

R

Cytherella comanchensis

C

A

C

c

A

C

C

A

Cytherelloidea spp.

C

R

R

c

c

R

C

C

R

locality 17

Grayson Marl
b

5

6

7

8

9

10

11

12

13

lU

15

16

17

A

R

18

19

20

21

22

23

2k

25

26

27

28

R

'c

C

C

C

C

R

c

r

C

s

R

s

S

c

R

R

C

A

C

c

A

S

R

C

c

c

A

C

C

S

R

S

R?

S

R

C

C

C

s

A

R

c

C

C

A

C

S

R

S

C

C

C

A

c

S

C

A

R

c

R

A

C

A

A

S

R

s

S

R
A

A

A

A

C

C

C

R

C

C

S

R

R

S
R

C

R

R

C

R

R

C

R

C

c

C?

R

C

C

C

R

A

R

A

R

A

C

R

S

R

R

C

R

R

R

C

R

A

A
R

R

R

C

S

C

A

C

C

S

R

S

S

S

C

C

A

A

A

R

R

C

C

A

C

R

C

C

S

„s

C

c

A

A

A

A

S

R

C

C

C

A

A

A

A

A

C

A

A

C

A

A

A

A

A

A

C

C

R

R

S

C

C

C

C

S

C

S

*

R

S
C

A

C

C

A

C

A

C

C

A

A

A

A

A

A

A

A

A

c

C

C

R

C

C

R

C

C

S

C

C

C

C

C

C

C

C

C

R

91"

5 l6 17 18 19 20 21 22 23 2k

25 26 27 28 29 30 31 32 33 3U

35 36

3
1
•

A

R

R 'C

C

C

C

R

C

S

R

S

s

C

c

C

A

C

s

C

A

R

C

R

A

c

A

A

S

R

S

S

A

R

l

A

R

C

C

S

A

R

A

C

R

S

R

R

C

R

R

R

d

R

R
R

R

C

S

C

A

C
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FORMATION OR MEMBER

Buda Ls.

SAMPLE NUMBER

1

Balrdia comanchensis

R

Schuleridea washitaensis

S?

Cythereia spp.

R

Isocythereis sp. C, n. sp.

R?
»

Cytherella comanchensis

C

A P P E N D I X

D

SYSTEMATIC DESCRIPTIONS

Subclass OSTRACODA Latreille, l806.
Order PODOCOPIDA Miiller, 189V
Suborder PODOCOPINA Sara, 1866
Superfamily BAIRDIACEA Sars, 1888
Family BAIRDIIDAE Sars, 1888
Genus BAIRDIA McCoy, 18UU

Bairdia aomanohenaie Alexander
Plate 1, figure 1

Bairdia oomancheneis Alexander 1929> p. 63, pi. 2, fig. 15; pi. 3, fig. U;
Howe and Laurencich 1958, p. 66, text fig.
Remarks:

In the present study all specimens of Bairdia have been

included in this species.

This was done because the small number of

specimens found prevent any meaningful subdivision of the species.
Specimens assigned to this species in the present study range from
the Walnut Marl (upper part of the middle Albian) through the Buda Lime
stone (lower Cenomanian).

The species, while never abundant, was most

numerous in the upper Beribrook Member of the Goodland Formation and the
based, unit of the Kiamichi Formation (both are in the lower part of the
upper Albian).

Even in these formations, the species was not present in

all stratigraphic horizons nor at all localities where these units were
sampled.

Elsewhere, this species, when found, was represented by less

than five specimens in a sample.
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9h

Specimens assigned to this species range in length from 0.73 mm.
to 1.06 mm.

The largest specimens of this species occur in the upper

Goodland and basal Kiamichi formations.

Generally, vhere the species was

niost numerous, the specimens were characterized by having a larger size.
The length of the specimens normally approached the lower size limit for
the species in samples containing only one or two specimens.

Genus BYTHOCYPRIS Brady, 1880

Bythoaypris goodlandensie Alexander
Plate 1, figure 5

Bythoaypris goodlandensis Alexander 1929, p- 64, pi. 3, figs. 11, 13;
Lozo 19^4> P* 530; Howe and Laurencich 1958> p* 97» text fig.
Remarks:

All specimens of this species were found with both

valves united preventing observation of internal shell characteristics.
This species ranges from the lower Walnut Marl (middle Albian)
into the lower part of the Kiamichi Formation (lower part of the upper
Albian).

Seldom were more than five specimens present in a sample.

This

species was most abundant only in parts of the upper Marys Creek Marl and
lower Benbrook members of the Goodland Formation (about the boundary be
tween the middle Albian and the upper Albian).

Family MACROCYPRIDIDAE Mflller, 1912 '
Genus MACROOYPRIS Brady, 1867

Macrooypris graysonensis Alexander
Plate 1, figure 2

Macrooypris graysonensis Alexander 1929j p. 59» pi- 2, figs. 13, 1^; Howe
and Laurencich 1958, p. 391> text fig.
(?) Macrooypris graysonensis Bonnema 19^0, Natuurhist. Maandblad, v. 27,
p. 107, fig. 27.
Remarks:

This rare species is found from the Duck Creek Formation
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(upper Albian) into the Grayson Marl (lower Cenomanian).

The species is

locally common in some stratigraphic units of the lower twenty feet of
A single specimen of Maorooypris was collected from each

the Grayson Marl.

the upper one-third of the Duck Creek Formation j the upper five feet of
the Denton Formation; and the lower five feet of the Weno Formation.

In

the Grayson Marl, only two beds above the lower twenty feet of the forma
tion contained this species, and in neither unit, were more than five
specimens present.
Specimens from the Duck Creek and Denton formations are about the size
of the holotype from the Grayson Marl.

The specimen from the Weno Forma

tion has a length of 0.59 mm., and is about the size of the Juveniles of
this species from the Grayson Marl.

Superfamily CYPRIDACEA Baird, 181+5
Family PARACYPRIDIDAE Sars, 1923
Genus PARACYPRIS Sars, 1866

Paraaypris goodlandensis Howe and Laurencich
Plate 1, figures 3, ^

Paraoypris siliqua Jones and Hinde, Alexander 1929» p. 65 > pi. 3, figs. 7>
10; pi. ht fig. 5.
Paraoypris goodlandensis Howe and Laurencich 1958, p. UU8, text fig.;
Swain and Brown 1961+, p. 13, pi. 1, figs. fa. - c; Swain and
Brown 1972, p. 15.
Remarks:

The holotype of Paraoypris goodlandensis Howe and

Laurencich is typical of most of the specimens of Paraoypris that occur
in the Walnut, Goodland, and Kiamichi formations (upper middle Albian and
lower upper Albian) in the area of study.

The holotype (H. V. Howe

Collection, no. 53^5) is 0.80 mm. in length and not 0.95 mm. as reported
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by Howe and Laurencich.

Thus, the holotype is considerably smaller than

the plesiotype of Paraoypris siliqua Jones and Hinde described and depos
ited in the Texas Memorial Museum collection from Alexander's 1929 study.
The specimen from Alexander's atudy measures 0.97 mm* in length.
Specimens of this larger size were relatively rare as compared to
the smaller specimens in the present study.

The larger specimens occur

along with the more numerous and smaller specimens only in the Goodland
Formation.

Paraoypris spp.
Plate 1, figures 6, 8

Paraoypris alta Alexander 1929 s p- 66, pi. 3, figs. 9» 12; Lozo 1951 > p82; Howe and Laurencich 1958, p. 446, text fig.
Papaoypris dentonensis Alexander 1929, p. 65, pi. 4, figs. 1, 4; Howe and
Laurencich 1958, p. UVf, text fig.
Remarks:

Alexander (1929) reported two species of Paraoypris from

the Washita Group (middle Albian through part of the lower Cenomanian) in
north Texas.

These species and their reported stratigraphic ranges are

P. dentonensis Alexander from the Kiamichi Formation (a single specimen)
and the Duck Creek Formation; and P. atta Alexander with a stratigraphic
range from the Fort Worth Limestone through the Grayson Marl.
The holotype of P. dentonensis is not well preserved in that the
shell shows signs of partial solution, and the carapace appears to be
somewhat distorted by dorsal compression.

Measurements of the holotype

vary slightly from figures published by Alexander (1929).

The holotype

from the Texas Memorial Museum collection examined for the current study
has the following measurements:
width, 0.30 mm.

length, 0.90 mm.; height, 0.37 mm.; and

Measurements reported by Alexander for this species were

0.90 mm., 0.35 mm., and 0.27 mm. respectively.

Specimens with nearly identical outlines and size to P. dentonensie
occur in the Duck Creek, Fort Worth, and Denton formations in the present
study.
The holotype of Paraeypris alta Alexander from the Grayson Marl
deposited in the Texas Memorial Museum collection is larger than any
specimen of Paraeypris with similar outline found in the Grayson Marl
during the current study.

Specimens identical in size and outline to the

holotype of P. alta were recovered in the present study in the Fort Worth
and Denton formations.
Measurements of the holotype from the Texas Memorial Museum are as
follows:

length, 0.8^ mm.; height, 0.39 mm., and width, 0.29 mm.

These

figures contrast with the measurements of 0.80 mm., 0.1+8 mm., and 0.27 mm.
respectively that were reported by Alexander (1929).

Many of the specimens

from the Grayson Marl in the current study have dimensions similar to
those reported by Alexander for this species, but not the dimensions of
the specimen in the Texas Memorial Museum.
The reported stratigraphic ranges of P. dentonensis and P. alta
do not overlap according to Alexander.

However, specimens which appear

identical to each of the holotypes of these species occur together in the
Fort Worth and Denton formations.

Additionally, as measurements of the

holotypes of both species vary from the reported measurements, the present
writer feels these two species are inadequately defined.

For these reasons,

the present study has grouped all the Paraeypris from the Washita Group
together without differentiation.
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Genus PONTOCYPRELLA Iyubimova, 1955

Pontocyprella alexa.nd.eri Howe and Laurencich
Plate 1, figure 7

Bairdia harriaiana Alexander 1929> p. 60,.pl. 2, figs. 18, 19.
not Cythere (Bairdia) harrisiana Jones I8U9, p. 25, pi. 6, figs. 17a - f.

(?) Bairdia harriaiana Lozo

1951> p. 81.

Pontocyprella alexanderi Howe and Laurencich 1958, p. 1*62, text fig.
Remarks:

This species has a stratigraphic range that includes the

upper one-third of the Duck Creek Formation (middle upper Albian) and
extends upward through the Grayson Marl of the Washita Group (lower
Cenomanian).

Alexander (1929) also reports the species occurs in the basal

shales of the Woodbine Formation.

The present study did not examine the

shales of the Woodbine.
The species is locally common or abundant in the Fort Worth Lime
stone, Denton Formation, Weno Formation, Pawpaw Shale, Main Street Lime
stone, and the lower 20 feet of the Grayson Marl.

The species is rather

rare in the Duck Creek Formation and is very rare in the Grayson Marl
above the basal 20 feet of the formation.
The length of the species is quite variable throughout the stratigraphic range.
to O.65 mm.

Specimens of this species range in length from 0.^9 nim.

Since most of the smaller specimens had the two valves

intact, no conclusion could be reached as to whether or not these repre
sented small adults or juveniles of the species.

Pontocyprella (?) roundyi (Alexander)
Plate 1, figure 10

Bairdia gracilis Alexander 1929> (not M'Coy), p. 60, pi. 2, figs. 16, 17.
Bairdia roundyi Alexander 1932, p. 101, new name; Lozo 19M, p. 528.
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Pontooyprella (?) roundyi (Alexander) howe and Laurencich 1958» P«
text fig.
Remarks:

This is probably not a Pontoayprella but has been left

assigned to this genus following the work of Howe and Laurencich (1958)
until additional specimens are available for study.
Specimens of this species were rather rare in the present study
with never more than three individuals being recovered from any one
sample.

A total of fourteen individual valves and complete carapaces were

recovered from the Kiamichi Formation.

Many of the single valves had the

interior filled with matrix and in other specimens the preservation was
so poor that adequate observation of the muscle scars was not possible.
However, this species has a wide anterior inner lamellae equal to
about l/9th the shell length and a vestibule.

The inner lamellae is

narrow along the ventral margin and widens at the posterior end where
there is a posterior vestibule.
appear rather narrow.

Both anterior and posterior vestibules

Radial pore canals were not observed in these

specimens.
The genus Pontoaypvella has been described as having a narrow
anterior inner lamellae and no inner lamellae developed elsewhere.

Superfamily CYTHERACEA Baird, I85O
Family BRACHYCYTHERIDAE Puri, 195^
Genus ALATACYTHERE Murray and Hussey, 19^2

Alataaythere sp. A, n. sp.
Plate 1, figure 9

Distribution:

Restricted to the upper one-half of the Grayson

Marl (lower Cenomanian).

The species occurs most frequently in the basal

part of the upper one-fourth of the formation.

The species was found at
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Grayson Bluff along the north side of Denton Creek, about four miles
northeast of the intersection of Texas Highway 11and U. S. Highway 377
in Roanoke, Denton County, Texas.

Description'.

In lateral view subpyriform with greatest height

near the anterior end at anterocardinal angle.

Anterior end compressed

laterally, broadly rounded with low, slightly flanged marginal rim and a
single row of flat, denticulate spines most strongly developed along the
lower portion and somewhat concealed by the marginal flange.

Dorsal margin

straight, concealed in the central portion by a thin, keel-like marginal
rim which terminates posteriorly in a short spine located Just anterior
to the posterior cardinal angle.

Dorsal margin posterior to the spine on

the marginal rim without a prominent rim and with a smaller, less conspic
uous spine at the posterior cardinal angle.

Ventral margin sinuate,

concealed in lateral view by strongly developed alar ridge.
ventral margins strongly convergent toward posterior.

Dorsal and

Posterior end

strongly compressed laterally, angulate near middle, with low rounded
marginal rim; strongly denticulate below middle with approximately four
large, flat spines on each valve.
Left and right valves subequal in size; left valve slightly larger
than right valve along anterior end and at cardinal angles.

In dorsal view,

strongly developed alae extend from the anterior margin toward the poste
rior and terminate in fragil,. recurved spines.

Surface of valves unorna-

mented except for a shallow, wide sulcus posterior to prominent eye spot.
Single valves of this species have a hemiamphidont hinge that is
typical of the genus, but no accommodation groove was seen.
lamalla is narrow.

The inner

Radial pore canals, normal pore canals, and muscle

scars are not adequately visible for description.
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Dimensions;

Length, 0.67 mm.; height, 0.1*1 mm.; width, 0.1+3 mm.

The width is approximate because th.e end of one alae was not preserved.

Remarks:

This species is similar to Alataoythere nadeauae (Hill)

(from the Austin Formation, Coniacian) except the present species is
smaller, and has the dorsal and ventral margins more convergent toward the
posterior.

Additionally, the anterior margin of the present species has

only a single row of spines partially concealed by a marginal flange
rather than two rows of spines as in A. nadeauae.

The present species

also occurs much lower in the stratigraphic section than does A, nadeauae.
After formal publication, this species will "be deposited in the
H. V. Howe Collection.

Tentatively, the types of the species will be

placed on slides 9860 and 9861.

Genus 0PIM0CYTHERE Hazel, 1968

Opimooythere texana (Hazel and Paulson)
Cythere suboonoentrioa Alexander 1929, p. 799 pi. 6, figs. 5> 10
not Cythere suboonoentrioa Jones 188U, p. 768, pi. 3^, figs. 28, 29.

Braohyoythere texana Hazel and Paulson 196U, p. 1060, text fig. 1-U.
Opimooythere texana (Hazel and Paulson), Hazel 1968, p. 116, pi. 21, fig.

8.
Remarks:

Alexander (1929) reports this to be a rare species in

the Denton and Weno formations (upper Albian) from several localities in
his study.

No specimens of this species were found in the present inves

tigation though some 36 samples were examined from the Denton and Weno
formations.

These samples were collected at some of the localities

where Alexander reported this species to occur.
Hazel and Paulson (196*0 renamed this species and re-illustrated
specimens which Alexander had deposited in the U. S. National Museum.

In
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that paper, Hazel and Paulson report that "All species of Braahyoythere s.l.
younger than early Tayloran possessed a split upper adductor scar. ...
thought to represent a phylomorphogenic trend; however,... B. (B.)' texana
ri. name ... the oldest known true representative of Braahyoythere, pos
sesses a split upper adductor scar."
Hazel (personal communication) states, "in my 1968 paper ... I
proposed the genus Opimooythere for certain American species ... referred
to Braahyoythere. These were all Tertiary except for B. texana.... This
bothered me but I had for the time being at least no recourse but to
accept it.

The genus is best developed in the Paleocene and I have never

seen a specimen in the Upper Cretaceous."

Family BYTHOCYTHERIDAE Sars, 1926
Genus MONOCERATINA Roth, 1928

Monooeratina trinodosa Alexander
Plate 1, figure 13

Monooeratina trinodosa Alexander 193^, p. 6U, pi. 8, fig. 10; Howe and
Laurencich 1958, p. ^23, text fig.
Remarks:

Alexander (1931*) based this species on a single frag

mentary right valve collected from the Weno Formation (uppermost upper
Albian) in Tarrant County, Texas.

Howe and Laurencich (1958) reported a

similar fragmentary specimen from the same locality.
The holotype (U. S. National Museum no. 130928) has a faint,
irregular, reticulate pattern as surface ornamentation which becomes
linear and parallel to the shell margins on the posterior dorsal node.
The topotype of this species in the H. V. Howe Collection (slide no. 53^2)
does not show the surface reticulation seen on the holotype.
In the current study, seven single, fragile, mostly fragmental
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valves of this species were found.
distributed as follows:

Stratigraphically, the valves were

two right valves in the Fort Worth Limestone

(middle upper Albian); two left valves in the Denton Formation; one right
and one left valve in the Weno Formation (uppermost upper Albian); and one
left valve in the Grayson Marl (lower Cenomanian).
The valve collected from the uppermost bed of the Fort Worth
Limestone and the two valves collected from the Denton Formation are more
fragile and slightly larger than the holotype.

Also, these specimens

show none of the reticulate ornamentation seen on the holotype.

Specimens

collected from the middle of the Fort Worth Limestone, the Weno Formation,
and the Grayson Marl do have surface ornamentation similar to that seen
on Alexander's holotype.
Since specimens having ornamentation on the surface typical of
the holotype occur both below and above the less ornamented forms of the
upper bed of the Fort Worth Limestone and the Denton Formation, and as
this genus is so rare in the Washita Group, all specimens of Monoaeratina
are considered to belong to the same species in this study.

The variation

in surface ornamentation and thickness of the valves is considered to
reflect environmental differences.

Family CYTHERIDEIDAE Sars, 1925
Subfamily CYTHERIDEINAE Sars, 1925
Genus ASCIOCYTHERE Swain, 1952

Asoioaythere goodXccndensis (Alexander)
Plate 1, figure 12

Cytheridea goodlandensis Alexander 1929, p. 69, pi. *+, fig* 15; Calahan
1939, p. fc9, pl. 7, fig- 8.
Asoioaythere goodlandensis (Alexander) Howe and Laurencich 1958, P* 59,
text fig.

iou
Remarks:

The holotype of this species is a complete carapace.

Howe and Laurencich (1958) described the hinge, normal pore canals, and
the radial pore canals from topotype material.
This species is restricted to the Goodland Formation (uppermost
middle Albian and lowermost upper Albian).

The species occurs very

abundantly in the uppermost beds of the Benbrook Limestone Member.

A

single right valve was collected from the Marys Creek Marl Member and
another distorted, but complete, carapace was found in the lower half of
the Benbrook Limestone Member.

Asoiooythere cf. A. rotunda (Vanderpool)
• Plate 1, figure 11

(?) Bythooypris rotundus Vanderpool 1928, p. 102, pi. 13, figs. 5, 6.
not Cytheridea amygdaloides brevis (Cornuel) Alexander 1929 > P» 70, pi.
fig. 13; Calahan 1939» P- ^9, pi. 7> fig« H«

(?) Asoiooythere rotunda (Vanderpool) Swain 1952, p. 76, pi. 8, figs. 22 33; Swain and Brown I96U, p. 26, pi. U, figs. 3a - d, Ua - c,
text figs. 7a - b; Swain and Brown 1972, p. 23, pi.
figs. 3-6.
not Asoiooythere rotunda (Vanderpool) Howe and Laurencich 1958, p. 6l,
text fig.

Remarks:

Specimens from the present study were compared with the

holotype of Asoiooythere rotunda (Vanderpool) (U. S. National Museum no.
132508).

None of the specimens in the present study are identical to the

holotype, however, specimens in the present study do appear to be sim
ilar to paratypes of this species illustrated by Swain and Brown (196U).
These paratypes were not seen by the present writer. •

Asoiooythere rotunda (Vanderpool) was redescribed by Swain (1952).
The greatest height of the holotype occurs posteriorly to the mid-length
as is well illustrated by Swain and Brown (196U) when they undertook to
re-illustrate specimens described by Vanderpool (1928).

Specimens
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collected from the Walnut Marl (middle Albian) in the present study, as
well as the paratypes illustrated by Swain and Brown, show the greatest
height to be somewhat anterior to the mid-length of the valve.
Hinge characteristics of A. rotunda were described by Swairi (1952)
and illustrated by Swain and Brown (196U).

The hinge of most specimens

in the present study is generally not well preserved but does appear to
be the same as that found in A. rotunda.

The hinge structure of A. rotunda

has a smooth median bar connecting the terminal sockets.

This is not the

same as the hinge structure of the species Alexander referred to Cytheridea

amygdaloides brevis.

The hinge of Alexander's specimen has a crenulate

bar connecting the terminal crenulate sockets.
Vanderpool's original illustrations of A. rotunda in 1928 were
of the exterior and interior of the right valve.

The holotype deposited

in the U. S. National Museum (no. 132508) is a single left valve of the
species.

Genus A, n. gen.

Description:

Shell subtriangular to subovate in side view;

highest near middle; dorsal margin convex; ventral margin gently convex;
ends rounded.
periphery.

Left valve larger than right, overlapping around entire

Surface with pits marking the location of the normal pore

canal openings.
Hinge of right valve with terminal crenulate teeth; median element
negative, crenulate.

Hinge of left valve with terminal crenulate sockets,

connected by positive crenulate bar.
hinge elements of left valve.

Accommodation groove dorsal to

Inner lamellae margin and line of concres

cence parallel to outer margin of shell; coinciding except for very
slight separation along anterior end.

Marginal pore canals moderate in

io6
number, straight.

Geologic Range-.

Uppermost beds of the Marys Creek Marl (upper

middle Albian) through the Kiamiehi Formation (lower upper Albian).

Remarks :

This genus differs from typical Ascioaytheridea by having

a crenulate median element in the hinge.

The hinge is the same as that

found in Clithrocytheridea, but the present genus differs by having
fewer marginal pore canals, and the maximum height near the middle of the
carapace rather than near the anterior margin.

Additionally, Clithro-

cytheridea has not been reported this low in the stratigraphic section.

Genus A, sp. A, n. sp.
Plate 2, figures 1, 2, U

Cytheridea amygdaloides (Cornuel) Alexander 1929, p- 69, pi17.

figs. 16,

not Cythere amygdaloides Cornuel 181+9, p- 197» pl» 7, figs. 1 - 9-

Cytheridea amygdaloides var. brevis (Cornuel) Alexander 1929* p- 70, pi. 4,
fig. 13; Calahan 1939, P« *+9, pi- 7> fig. 11.
not Cythere amygdaloides var. brevis Cornuel, 181+9, p* 199, pi. 8, fig. 12.

(?) Cytheridea amygdaloides brevis Alexander, Vanderpool 1933, p. Hll.
not Asciocythere (?) cf. A. amygdaloides (Cornuel) Swain 1952, p. 76, pi.
8, figs. 37 - 39, =Asciocythere elongata Swain and Brown 1972,
p. 22, pi. 5, figs. 3, 5 - 1'

Cytheridea amygdaloides (Cornuel) Alexander =Dolocytheridea n. sp. Howe
and Laurencich 1958, p. 273, text fig.
not Bythooypris rotundus Vanderpool 1928, p. 102, pi. 13, figs. 5, 6.
[=Asoiooythere rotunda (Vanderpool) Swain 1952, p. j6, pi. 8,
figs. 22, 23; Swain and Brown 196b, p. 26, pi. U, figs. 3a - d,
Ua - c, text figs. Ja - b; Swain and Brown 19,72, p. 23, pi.
figs. 3 - 6.]

Asciooythere rotunda (Vanderpool) Howe and Laurencich 1958, p. 6l, text
fig.
Description:

Subtriangular to subovate in side view, greatest

height slightly anterior to middle.

Dorsal margin strongly convex,
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ventral margin gently convex downward.
posterior end more acutely rounded.

Anterior end broadly rounded,

Valves unequal in size, left valve

larger and overlapping the right around the entire periphery.

Numerous

large pore canal openings which appear as shallow pits on the outer surface
of the valves, becoming smaller in diameter toward the inner surface.
Inner margin of inner lamella and line of concrescence parallel
to outer margin of shell, coinciding except for very slight separation
along anterior end of valve.

Marginal pore canals moderate in number,

simple, straight, somewhat more numerous in right valve than in the left
valve.
Hinge with terminal crenulate sockets in left valve connected by
positive, crenulate bar; right valve with crenulate positive teeth
connected by crenulate groove.

Accommodation groove dorsal to median bar

of left valve.
Four undivided adductor muscle scars in an anteromedian vertical
row, frontal scar and fulcral point less prominent.
Sexual dimorphism pronounced, males longer and more ovate in out
line than females.

Dimensions-.

Length of female, 0.59 mm.; height, 0.^2 mm.

Distribution:

This species occurs in the Benbrook Limestone

Member of the Goodland Formation and the Kiamichi Formation (both are
lower upper Albian).

Typical specimens are most abundant in the bluff

immediately southwest of Mecham Field and southeast of the Trinity Port
land Cement Company property, Tarrant County, Texas, in the exposed upper
Kiamichi Formation.

Remarks :

The present species differs from Asoiooythere rotunda

(Vanderpool) in several respects.

A. rotunda (U. S. National Museum
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no. 132508) has the greatest height at a point 60% of the length from the
anterior margin, from this point, the anterior dorsal margin slopes down
ward and forms a slight angle with the anterior margin of the shell.
Genus A, n. gen. has the greatest height about k$% of the length from the
anterior margin and slopes downward from this point forming a smoothly
rounded curve with the anterior margin.

Additionally, the two species

differ in the details of the median element of the hinge, and in the
characteristics of the jiormal pore canals.

A. rotunda has smooth median

elements in the hinge, and the normal pore canals are less numerous and
less prominently developed on the surface of the valves.
After formal publication, this species will be deposited in the
H. V. Howe Collection.

Types of the species will be placed on slides

9865 and 9866.

Genus•SCHULERIDEA Swartz and Swain, 19^6

Sahuleridea (?) baivdioides (Alexander)
Cythevidea baivdioides Alexander 1929, p. 70, pi.
p. 528.

fig. 18; Lozo

19^,

(?) Sohulevidea baivdioides (Alexander) Howe and Laurencich 1958, p. ^87,
text fig.
Remavks:

Specimens identical to the holotype of Sahuleridea (?)

baivdioides (Alexander) were not found during the present study.

However,

this study did not include the locality from which Alexander collected
his holotype.
Three faunal slides in the personal collection of Dr. H. V. Howe,
collected by Dr. Howe when he visited the type locality of this species
with Dr. Alexander, were examined in the present study.

These faunal

slides did not contain any specimens identical to the holotype, nor is
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the topotype deposited in the H. V. Howe Collection (slide no. 6268)
identical to the holotype in outline.
The present study did find three right valves similar to the right
valve of the complete carapace of the topotype in the H. V. Howe Collection.
However, these specimens, and the specimens in the personal collection of
Dr. Howe, have a more rounded posterior end than does the holotype.

The

holotype outline, as seen in lateral view, is well illustrated by Alexander
(1929, pi. 1», fig. 18).
Internal shell features of the holotype are not available for
study as it is a complete carapace.

External shell features of the holo

type and Howe's topotype have similar distribution of the punctae on the
valve surface.

This distribution of punctae is similar to that found in

the species described as Genus A, sp. A, n. sp. [=Cytheridea amygdaloid.es
(Cornuel) Alexander] in the present paper.

This would suggest that Si (?)

bairdioides Alexander might be an aberrant male of this species

which is

a rather common form in the same stratigraphic horizons from which
Alexander reported S. (?) bairdioides.

Schuleridea oHverensL- (Alexander)
Plate 2, figure 3

Cytheridea oliverensis Alexander 1929 > p. 68, pi. 1+, figs. 6, 10; Vanderpool 1933, p. Ull; Calahan 1939» P- ^9» pi- 7> fig. 10.
Schuleridea (?) oliverensis (Alexander), Howe and Laurencich 1958, p. ^91»
text fig.
Description:

Carapace subtriangular in lateral view.

Dorsal

margin strongly arched with greatest height slightly anterior to middle.
Left valve larger and overlapping right valve around entire margin.

Pos

terior cardinal angle obscure on left valve, more pronounced on right
valve.

Anterior end broadly rounded.

Posterior end narrowly rounded on
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left valve, slightly acuminate on right valve.

Surface of valves slightly

pitted with numerous normal pore canal openings.
slight depression behind the eye.

E^re-spots present with

In dorsal view, carapace widest poste

rior to middle, anterior end compressed.

Hinge with strongly crenulate

terminal teeth connected by a low smooth bar in the right valve.

Left

valve with crenulate terminal sockets connected by a smooth median groove.
A pronounced accommodation groove occurs above the median groove of the
hinge on the left valve.

Remarks-.

Alexander's holotype of this species is a complete

carapace, therefore the hinge of this species has been described from
specimens compared with Alexander's

holotype by the present writer.

The

species is abundant in the Walnut and Goodland formations, but is rare in
the Kiamichi Formation (upper middle Albian through the lower upper Albian).
Specimens of the species from the Goodland Formation were more variable
in size than specimens collected from the Walnut and Kiamichi formations.

Sohuleridea washitaensis (Alexander)
Plate 2, figure 5

Cytheridea washitaensis Alexander 1929 (partim), p. 71> pi*
l4; Calahan 1939 j p. ^5s pl« 5, figs. 9, 10.

figs. 12,

Sohuleridea washitaensis (Alexander), Howe and Laurencich 1958, p. ^9^>
text fig.; Swain and Brown 1961+, p. 23, pi. 2, figs. 9a - e; text
fig. 6c.
Remarks:

Sohuleridea washitaensis (Alexander)

s.s.

in the

present study is restricted stratigraphically to the Grayson Marl (lower
Cenomanian) exposed at Grayson Bluff, Denton County, Texas.

Specimens

occurring stratigraphically lower than the Grayson Marl, and originally
included in this species by Alexander (1929), have been placed in S.

washitaensis var. A, n. subsp. in the current study.
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Female specimens of S. washitaensis s.s. in the Grayson Marl have
the central ventral and ventrocentral areas of the valve more inflated
than do specimens stratigraphically lower in the Washita Group in the
area of study.

Alexander's holotype is a male and the males show less

difference than do the females in the degree of shell inflation, though
some inflation is present.

Another characteristic that is less pronounced

in the males of the two subspecies than in the females is the angulation
at the posterior cardinal angle.

Female representatives of S. washitaensis

s.s. are less angulate at the posterior cardinal angle than are females
of S. washitaensis var. A, n. subsp.
A difference between the two subspecies which can be observed on
either gender is the size of the openings to the normal pore canals on the
external surface of the valves.

In S. washitaensis s.s. these openings

occur as large, prominent pits.

The openings of the normal pore canals

on S. washitaensis var. A are relatively small and obscure, or, if
enlarged by weathering, irregular in outline.
Howe and Laurencich (1958) reported that S. washitaensis (Alexan
der) "is characterized by reversal of the valves in some specimens."

In

the present study, valve reversal occurs frequently in S. washitaensis,
but this was not observed in S. washitaensis var. A.
Additionally, the present species occurs higher in.the stratigraphic section than does S. washitaensis var. A and the stratigraphic
ranges of the two subspecies do not overlap.

Sohuleridea washitaensis var. A, n. subsp.
Plate 2, figures 7 > 8 > 10

Cytheridea washitaenis Alexander 1929, (partim), p. 71 > pi.
Description'.

figs. 12, 1^.

Carapace subtriangular in lateral view, greatest
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height slightly anterior to middle.

Anterior end obliquely rounded; dorsal

margin strongly arched, obscurely angled at highest point and slightly
angulate at posterior cardinal angle; ventral margin straight to slightly
convex downward; posterior end low and somewhat acuminate.

Left valve

larger than right and overlapping right valve around entire margin.

EJye

tubercle present slightly anterior to greatest carapace height, surface
otherwise smooth, with small, numerous, obscure normal pore canal openings.
In dorsal view, greatest width slightly posterior to middle.

The sides

of the valves taper toward the anterior and posterior ends of the shell
from the area of greatest width.
Hinge hemimerodont with an accommodation groove in the larger
valve above the median hinge element.

Inner lamella wide, line of con

crescence not quite coinciding with inner margin at anterior end.

Radial

pore canals numerous along anterior end, less numerous at posterior end.
Marked sexual dimorphism is present.

The males are more elongate

than the females, and the greatest height is more toward the anterior end
of the males.

Males more angulate than females at the posterior cardinal

single and with greatest width more centrally located.

Dimensions:

Length of female, 0.55 mm.; height, 0.37 mm.

Distribution:

A very rare species in the Duck Creek, Fort Worth,

Denton (all middle upper Albian), and Main Street (lowermost lower Cenomanian) formations in Tarrant County, Texas.

The species was not found

in the lower beds of the Weno Formation (uppermost upper Albian), but is
common to abundant in the remainder of the formation, and is locally
common in the Pawpaw Shale (upper Albian and lower Cenomanian).

Remarks:

See Sohulevidea washitaensis (Alexander).

Type

specimens of this subspecies will be deposited in the H. V. Howe
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Collection on slides tentatively numbered 9873, 987^, and 9875 after the
formal publication of this species.

Sdhuleiri,dea sp. B, n. sp.
Plate 2, figures 6, 9

Description:

Shell subovate to subtriangular in outline with

greatest height about mid-length.
end more acutely rounded.

Anterior end broadly rounded; posterior

Dorsal margin strongly convex; ventral margin

gently convex but concealed by strongly convex ventral outline which over
hangs the ventral margin and gives the shell a sub-symmetrical outline.
Left valve larger than right, subequal in length; left valve much higher
than right, strongly overlapping right valve along dorsal and ventral
margins.

Entire surface of valves covered with fine pits about 0.02 mm.

in diameter.

Numerous normal pore canals present but apparently not

related to the pits on the surface of the valves.

Both valves compressed

laterally around the anterior and anteroventral margins.

Weakly developed

eye spot bordered posteriorly by a moderately deep sulcus.

Up to four

marginal denticles occur on the lower posterior end of the valves with
a maximum length of 0.03 mm.

The denticles are more common on the right

valve of the complete carapaces.

Denticles of similar size appear on

the anterior end less frequently than on the posterior end of carapace.
In dorsal view, carapace tumid, strongly compressed laterally
along anterior rim, greatest thickness about 60% of length from the
anterior end.
Inner lamella broadest at anterior end.
erous.

Radial pore canals num

Hinge of left valve with strongly crenulate terminal socket

connected by thin, low smooth median element;

right valve with strongly

crenulate terminal teeth connected by a shallow, smooth groove.

A shallow

uU
accommodation groove is located dorsally to the hinge elements of the left
valve.
Males have a greater ratio of length to height than do the females.
Greatest height of the males slightly anterior to mid-length, and the
ventral outline is very slightly sinuate.

In dorsal view, males less

tumid with greatest thickness more centrally located.

Dimensions:

Female length, 0.U7 mm.; height, 0.3^ mm.

Male

length, 0.1+7 mm.; height, 0.29 mm.; thickness of complete carapace, 0.20 mm.

Remarks:

Sahuleridea sp. B is restricted to the Kiamichi Forma

tion (lower upper Albian) in Tarrant County, Texas.
This species is similar to S. hatterasensis Swain (1952) from the
Trinity (?) and pre-Trinity (?) beds in North Carolina.

The two species

differ in that Sahuleridea sp. B is about two-thirds as long as S. hatter

asensis , and is more ovoid in outline.

Additionally, the present species

has a more regular spacing and size of the pits forming the surface
ornamentation on the valves.
Females of this species greatly outnumber the males of the species,
and single right valves of either gender are very rare.
Specimens of this species will be deposited in the H. V. Howe
Collection on slides numbered 9867, 9868, 9869, and 9870 after formal
publication of the species.

Subfamily CUNEOCYTHERINAE Mandelstam, i960
Genus DICR0RYGMA Poag, 1962

Diovorygma mullensi Poag
Diarorygma mullensi Poag 1962, p. 828, text fig. la - c.
Remarks:

This species was not seen in the present study though

Poag (1962) reported Diororygma mullensi to occur abundantly in the
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Kiamichi Formation (lower Albian) exposed in Tarrant County, Texas.

Poag

stated, "it ... has "been previously overlooked, probably because of its
small size."
The dimensions reported for D. mullensi (length, 0.36 mm.; height,
0.22 mm.) would have caused this species to have been in the finest sized
residue collected from the washed samples in the present study.

This

material was given only a cursory examination in the present study.

Subfamily NEOCYTHERIDEIDIWAE Puri, 1957
Genus PARACYPRIDEIS KLie, 1929

Paraoyprideis graysonensis (Alexander)
Plate 2, figures 11, 12, lU

Cytheridea graysonensis Alexander 1929, p. 72, pi. 5, figs. 3, 4, (female).
Bairdia parallela Alexander 1929> P« 6l, pi. 3, fig. 1, (male).
(?) Haplooytheridea (?) graysonensis (Alexander), Swain 1952, p. 78, pl« 8,
figs. 16, 17.
Paraoyprideis graysonensis (Alexander), Howe and Laurencich 1958, p. 4^5»
text figs, (female).
Pontooyprella (?) parallela (Alexander), Howe and Laurencich 1958> p.463,
text fig., (male).
(?) Paraoyprideis graysonensis (Alexander), Swain and Brown 1964, pi. 1,
fig. 10.
Remarks:

Paraoyprideis graysonensis (Alexander) is very rare in

the upper part of the Fort Worth Limestone (middle upper Albian).

No

representatives of the species were seen in the lower Denton Formation
(middle upper Albian), but the species becomes locally common in the
upper Denton Formation and throughout the Weno Formation (upper Albian).
P. graysonensis is abundantly represented in the Pawpaw Shale (uppermost
upper Albian and lowermost lower Cenomanian) in Tarrant County, Texas.
The species was again absent from the Main Street Limestone (lower
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Cenomanian) but is common in the lower one-half of the Grayson Marl and
abundant in the upper one-half of the Grayson Marl (lower Cenomanian).
Slight variations occur in the size, lateral outline of the valves,
and the amount of inflation in the posterior one-half of the carapace.
However, these variations are not restricted to individual formations
or groups of formations, but occur even within a single stratigraphic
bed of a formation.
The characteristics of the inner lamella, muscle scars, radial
pore canals, and hingement of Paraayprideis graysonensis (=Cytheridea

graysonensis Alexander) and Pontoayprella (?) parallela (Alexander)
(=Bairdia parallela Alexander) appear to be identical. Parapyprideia
graysonensis (Alexander) is here considered to represent the female of
the species and Pontooyprella (?) parallela (Alexander) is considered to
represent the male of the species.

In all horizons where this species

was present, the females were always more numerous than the males.

In

some stratigraphic horizons, only the females were present, but the males

(=Pontooyprella (?) parallela) were never found where there were no
females.
As the females are many times more abundant than the males, the
name of the female is used here for this species.
Internal shell characteristics of this species were described by
Howe and Laurencich (1958)*

The males and females of the species differ

only in the more elongate form of the males as compared to the females.

Paraoyprideis (?) sp. A, n. sp.
Plate 2, figure 13

Description:

Valves elongate, reniform in lateral view; greatest

height about one-third of length from anterior end.

Anterior end broadly
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rounded with slight marginal keel.

Dorsal margin strongly arched in

anterior portion, somewhat flattened or slightly concave near mid-length,
gently convex and sloping posteriorly along the remainder of the dorsal
margin.

Ventral margin concave or sinuate; right valve strongly concave

near mid-length, overlapped by left valve.
rounded than anterior end.

Posterior end more acutely

Surface of valves with numerous large normal

pore canal openings, otherwise smooth.
Left valve larger than right, overlap of left valve greatest along
anterodorsal margin and near the mid-length of ventral margin.
Anterior inner lamella wide, inner margin not coinciding with
line of concrescence.

Anterior marginal pore canals short, "becoming

rather wide where they open into the large anterior vestibule.

Posterior

inner lamella narrow, with inner margin and line of concrescence almost
coinciding.
Elongate anterior groove of left valve hinge terminated poste
riorly by a raised, triangular shaped projection about mid-length of
valve; posterior to this projection, the hinge consists of a weakly
developed groove.

Hinge of right valve formed by the dorsal margin of

the valve, and in dorsal view, the hinge area is concave opposite the
positive, triangular projection of the left valve hinge.

Dimensions:
Remarks:

Length of female, 0.88 mm.; height, 0.1+9 mm.

Paraoyprideis (?) sp. A was found only at Grayson Bluff

along the north side of Denton Creek where it was restricted to the upper
one-third of the Grayson Marl (lower Cenomanian).

At this stratigraphic

level, the species is associated with abundant numbers of ParacypvicLeis

graysonensis (Alexander).

The present species is less numerous than P.

gvaysonensis and can be distinguished from that species by its larger

size, more elongate shape, and more strongly concave ventral margin.
Specimens of this species will be deposited in the H. V. Howe
Collection on slides numbered 9877, 9878, 9879, and 9880.

Family CYTHERURIDAE Miiller, I89U
Genus CYTHEROPTERON Sars, 1866

Cytheropteron aautolatum Alexander
Plate 3, figure 1

Cytheropteron aoutolatum Alexander 1929, p. 10U, pi. 10, fig. 7; Howe and
Laurencich 1958, p. 29k, text fig.
Cytheropteron (Cytheropteron) aoutolatum Alexander 1933, p. 193, pi. 27,
figs. 3a, 3b.
Remarks:

A very rare species found from the middle Weno Formation

into the basal Pawpaw Shale (uppermost Albian and lower Cenomanian).

The

species is common only in the basal Pawpaw Shale.

Cytheropteron bioomutum Alexander
Plate 3, figure 2

Cytheropteron (Cytheropteron) bicornutwi Alexander 1933, p. 190, pi. 25,
fig. 17; pi. 26, fig. 2; Lozo 19^, P« 530.
Cytheropteron bicornutum (Alexander), Howe and Laurencich 1958, p. 296.
•}

Remarks'.

This species is restricted to the Goodland (uppermost

middle Albian and lowermost upper Albian) and Kiamichi formations though
it is not in all the strata of these formations.

The presence, or

absence, of this species does not appear to be related primarily to the
lithology of the strata.

The species occurs in both marls and marly

clays of these formations but was absent in other strata of similar
lithology within these same formation.
Specimens of this species vary in size at all horizons where
found, and generally, the specimens from the Goodland Formation are
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slightly larger than the specimens from the Kiamichi Formation.

Specimens

collected from the Goodland Formation averaged 0.6l mm. in length while
specimens from the Kiamichi Formation averaged O.58 mm.

The holotype of

this species (U. S. National Museum no. 129897) measures as follows:
length, O.52 mm.; height, 0.32 mm.; and width (single valve), 0.22 mm.
These figures are somewhat smaller than the published values which are
0.55 mm., 0.3 mm., and 0.28 mm., respectively.
Alexander (1933, p. 190) states that the holotype of this species
was collected from "station no. 2305" (Kiamichi Formation) but later
Alexander (1933, p. 212) describes "station no. 2302" (upper Goodland
Formation) as the locality of the holotype of this species.

From the

size distribution of the specimens in the Goodland and Kiamichi formations,
the present writer believes that the holotype comes from the Kiamichi
Formation.

Cytheropteron rugosalatum Alexander
Plate 3, figure U

Cytheropteron rugosalatum Alexander 1929, p. 103, pi. 10, figs. 3, U;
Howe and Laurencich 1958, p. 305, text fig.
Cytheropteron (Cytheropteron) rugosalatum Alexander 1933> p. 191, pi. 25,
fig. 10; pi. 27, figs. 2a, 2b.
Remarks'.

The stratigraphic range of this species is from the

lower Duck Creek Formation (middle upper Albian) through the Pawpaw Shale
(lowest Cenomanian).

The species is relatively rare in the Duck Creek

Formation and in the lower part of the Fort Worth Limestone.

The species

is locally common in the upper Fort Worth, Denton, Weno, and Pawpaw
formations.
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Cythevoptevon wenoense Alexander
Plate 3, figure 3

Cythevoptevon (Cythevoptevon) wenoense Alexander 1933, p. 192, pi. 25,
fig. 7; pi. 27, figs. 5a, t>.
Cythevoptevon wenoense Alexander, Howe and Laurencich 1958, P* 307, text
fig.
Eemavks:

Specimens identical to the holotype (U. S. National

Museum no. 129900) were restricted to the uppermost part of the Denton
Formation (middle upper Albian) and the lower beds of the Weno Formation
(uppermost upper Albian) and apparently have only local distribution.
Two specimens were found in the Denton Formation and a total of eleven
specimens were found in the basal two beds of the Weno Formation exposed
at Locality 1^ of the present study which is located along Sycamore Creek
in Amon Carter Park, Tarrant County, Texas.
Other specimens questionably assigned to this species were found
in the upper one-quarter of the Denton Formation, the middle Weno Forma
tion, and a single specimen came from the Main Street Limestone (lower
Cenomanian).

All but two specimens from the Denton Formation and all the

specimens from the middle Weno Formation are possibly molts of C. vugosa-

latum Alexander.

The single specimen from the Main Street Limestone is

poorly preserved and identification is not certain.
Alexander (1933) reported C. wenoense to be stratigraphically
restricted to the lower Weno Formation and to be more common than C.

vugosalatum.

The present

study did find that in the single Denton

Formation sample containing two unquestionable adults of C. wenoense
there was only a single specimen of C. vugosalatum.

In the two basal

beds of the Weno Formation, C. wenoense outnumbered C. vugosalatum eleven
specimens to two.

It is questionable if these figures, or the statement
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by Alexander, are significant because other samples collected at these
same stratigraphic horizons did not contain either of the two species.

Genus EOCYTHEROPTEROU Alexander, 1933

Eooytheropteron cf. E. delrioense (Alexander)
Plate 3, figure 5

Cytheropteron (Eooytheropteron) delrioense Alexander 1933, p. 199» pi- 25»
fig. 12; pi. 26, fig. 9«
Eooytheropteron delrioense (Alexander), Howe and Laurencich 1958 > P* 325,
text fig.
Remarks-.

The present species is restricted (?) to the Kiamichi

Formation (lower upper Albian) and is relatively rare throughout its
stratigraphic range.
The present species is similar to both E. bilobatum (Alexander)
and E. paenorbioulatum (Alexander).

The surface pitting of this species

is similar to that of E. delrioense though E. delrioense occurs much
higher in the stratigraphic section.

E. delrioense and E. paenorbioulatum differ according to Alexander
in that E. delrioense is "somewhat narrower in side view, has a narrower,
more obliquely rounded anterior end, and a distinctly granulax surface
rather than a perfectly smooth and unpitted one."

Study of the holotype

of E. paenorbioulatum (U. S. National Museum no. 129909) shows that a
slight pitting does occur on the surface similar to that found on E. del

rioense, though the pitting is far less obvious.

The present species

also shows variation in the degree of surface pitting, ranging from only
slightly more obvious pitting than that on the valves of E. paenorbiou

latum to pitting as obvious as than seen on E. delrioense.
This variation in the degree of surface pitting would suggest
that this feature is possibly controlled by environmental conditions.
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However, this speci.es does not occur abundantly enough to make a definite
conclusion regarding this hypothesis.

Eoaytheropteron howelli (Alexander)
Plate 3, figure 6

Cytheropteron howelli Alexander 1929 > p« 103» pl« 10, figs. 1, 2; Vanderpool 1933, p. Ull.
Cytheropteron (Eoaytheropteron) howelli Alexander 1933, p. 196, pi. 27,
figs. 10a, 10b; Lozo 19UU, p. 530.
Eoaytheropteron howelli (Alexander), Howe and Laurencich 1958, p. 325»
text fig.
Remarks:

Alexander reported this species from the upper Goodland

and Kiamichi formations (lower upper Albian).

The present study finds

this species in abundant numbers in the Walnut Marl (middle Albian).

The

species was not found in the lower twenty feet of the Marys Creek Marl
Member of the Goodland Formation, however it does reappear abundantly in
the middle one-third of the Marys Cre<-k Marl (about the boundary between
the middle and upper Albian), and varies from absent to abundant in the
upper one-third of the Marys Creek Marl and Benbrook Limestone members
of the Goodland Formation and the Kiamichi Formation.

Eoaytheropteron paenorbioulatum Alexander
Plate 3, figure 7

Cytheropteron (Eoaytheropteron) paenorbioulatum Alexander 1933, p. 197)
pi. 25, fig. 8; pi. 27, fig. 6; Lozo 19^» P* 530.
Eoaytheropteron paenorbioulatum (Alexander), Howe and Laurencich 1958»
p. 326, text fig.
Remarks:

Measurement of Alexander's holotype (U. S. National

Museum no. 129909) shows that this species is slightly smaller than the
figures published by Alexander.

My measurements of the holotype show the

length is 0.53 mm.; width, 0.30 mm.; and height, 0.35 mm.
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This species was relatively rare in most of the areas of study.
The most typical specimens of this species were found in the lowest beds
of the Benbrook Limestone Member of the Goodland Formation (lowest upper
Albian) exposed at Cragin's Knobs (Locality 5, this study).

This is the

location where Alexander's holotype of the species was collected.
Other specimens in the present study, which appear to be the same
species, were found in the Walnut Marl and the lower beds of the Marys
Creek Marl Member of the Goodland Foramtion at the type locality of this
member.
Specimens from the Walnut Marl and the Marys Creek Marl are
slightly larger than the specimens collected from the Benbrook Limestone
Member of the Goodland Formation.

Eoaytheropteron pirum (Alexander)
Plate 3, figure 8

Cytheropteron (Eoaytheropteron) pirum Alexander 1933, p. 197, pi. 27, figs.
11a, lib.
Eoaytheropteron pirum (Alexander), Howe and Laurencich 1958, P» 326, text
fig.
Remarks'.

This is a very rare species found in the Goodland and

Kiamichi formations (lower upper Albian).

E. pirum (Alexander) is similar to E. semioonatrioturn (Alexander)
except the length to height ratio of the valves in lateral view is greater
for specimens of E. pirum.

Also, this species is less inflated in the

posterior part of the carapace than is E. semLoonstriotum.
Ornamentation of the lateral surface of the valves is generally
similar for the two species.

This varies from a smooth, unornamented

surface, as in the holotype of E. pirum (U. S. National Museum no. 129908)
to a moderately developed reticulate pattern arranged in distinct longi
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tudinal rows on the lower portion of the lateral surface.

The degree of

development of ornamentation is more pronounced in E. aemiaonstrictum than
in E. pirum.

Additionally, E. semioonstrictum occurs more abundantly and

in more stratigraphic horizons than does E. pirum.
It is possible that the two species could represent sexually di
morphic forms of the same species, but insufficient numbers of E. pirum
were present to make a definite conclusion regarding this possibility.
Measurement of Alexander's holotype shows that the published value
for the length of the holotype is incorrect.

The values determined in the

present study are: length, 0.59 mm.; height, 0.35 mm.; and width, 0.38 mm.
These values compare with the figures published by Alexander (1933) of
0.65 mm.; 0.38 mm.; and 0.37 mm. respectively.

Eocytheropberon semiconstrictum (Alexander)
Plate 3, figure 9

Cytheropteron (Eocytheropteron) semiconstrictum Alexander 1933, p. 198,
pi. 26, fig. 8.
Eooytheropteron semiconstrictum (Alexander), Howe and Laurencich 1958, p.
327, text fig.; Swain and Brown 196*1, p. 39» pl« 3, figs, lta,
lift).
Remarks:

This species is restricted mostly to the upper two-

thirds of the Kiamichi Formation (lower upper Albian) with the exception
of one horizon in the Benbrook Limestone Member of the Goodland Formation
(uppermost middle Albian).
The species was well described by Alexander (1933).

Specimens in

the present study show well developed normal pore canals on the lower onequarter of the shell which are not visible on the holotype (U. S. National
Museum no. 129911) because the holotype is not transparent.
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Eooythevopteron tumidum (Alexander)
Plate 3, figure 10

Cytheropteron tumidum Alexander 1929, p. 103, pi. 10, figs. 16, 17«
Cythex'opteron (Eooytheropteron) tumidum Alexander 1933, p. 197, pi. 27,
figs. 13a, 13b.
Eooytheropteron tumidum (Alexander), Calahan 1939, p. ^9, pi. 7, fig. 7;
Howe and Laurencich 1958, p. 327, text fig.; Swain and Brown 196U;
p. 39, pi. 3, fig. 13; Swain and Brown 1972, p. 37*
(?) not Eooytheropteron timidum (sic.) Sharapova 1937, p. 8l.

Remarks:

This species is most common in the upper two-thirds of

the Kiamichi Formation (lower upper Albian).

Specimens which appear to

be identical to this species are also in the Walnut Marl and in the Goodland Formation (middle Albian to lower upper Albian).
The species is rare in occurrence in the Walnut and Goodland
formations except in one horizon at the type locality of the Marys Creek
Marl Member of the Goodland Formation, and in the lowest exposed bed of
the Benbrook Member of the Goodland Formation exposed at Cragin's Knobs
(Locality 5, current study).

Eooytheropteron sp. A, n. sp.
Plate 3, figure 11

Description:

Valves ovate in side view; highest in the central

area; left valve slightly higher than right valve.
and obliquely rounded.

Anterior end broadly

Dorsal margin of left valve evenly arched; dorsal

margin of right valve less strongly arched and nearly straight along
hinge line.

Ventral margin sinuate, slightly concave in anterior one-

third; somewhat convex downward in posterior two-thirds of length.
Ventral meirgin concealed in lateral view by alate ridge which forms the
ventral outline.

Posterior end compressed with a short caudal process
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directed slightly upward.
Alate ridge along ventral portion of valve separated from central
tumid portion of valve by a prominent sulcus.

Alate ridge with a single

row of subquadrate, large, deep pits parallel to outer edge along the
anterior two-thirds, and with two rows of pits along the posterior onethird of the ridge.

Valve surface above the prominent sulcus ornamented

with shallower, less prominent., circular pits arranged roughly parallel
to the valve margins.

Surface ornamentation less prominent in the ante

rior part of the dorsocentral area of the valve.

In dorsal view, the

greatest thickness occurs near the .posterior part of the ventrally
located alar ridge.
Inner lamella narrow; inner margin coinciding with the line of
concrescence.

Hinge of right valve with elongate, strongly crenulate

teeth connected by a short, slightly less strongly crenulate bar.

Dimensions:

Length, 0.51 mm.; height, 0.305 mm.

Distribution:

The species was found only at Grayson Bluff in

Denton County, Texas, where it was restricted to the upper one-half of
the Grayson Marl (lower Cenomanian).

The most frequent occurrence of

the species is in the upper one-quarter of the formation.

Remarks:

This species is similar in outline and ornamentation

to E. houelli Alexander.

The present species differs from that species

by having two rows of pits along the posterior one-third of the alate
ridge; and by having the remainder of the surface ornamentation more
nearly parallel to the shell margins.

Additionally, the present species

is smaller in size and occurs much higher stratigraphically.
Specimens of this species will be deposited in the H. V. Howe
Collection on slides numbered 9888 and 9889.
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Genus EUCYTHERURA Miiller, 189^

Euoytherura ansata Weingeist
Euoytherura ansata Weingeist 19^9, p. 370, pi. 73; figs. 1, 2, k - 7;
Howe and Laurencich 1958, P« 33^, text fig.
Remarks:

This species was reported to occur in the Weno (upper

Albian) and Grayson (lower Cenomanian) formations by Weingeist (19^9)•
This small species (reported length 0.28 mm.) was not observed in the
present study, however, the washed sample material that would have
contained this sized specimen was given only a cursory examination in
the present study.

Euoytherura imporoata Weingeist
Euoytherura imporoata Weingeist 19^9, p. 37^, pl« 73, fig. 13; Howe and
Laurencich 1958, p. 337, text fig.
Remarks:

Weingeist (19^9) reported this small species (length,

0.25 mm.) from the Weno Formation (upper Albian) in the north Texas area.
In the present study, two fragmental valves that might belong to this
species were found in the cursory examination of the material which
passed through the 100 mesh screen.

One specimen was in the Weno Forma

tion, and the other specimen was in the Grayson Formation (lower Ceno
manian).
Stratigraphically, the specimen from the Grayson Marl is much
higher than the range of the species reported by Weingeist.

However,

this fragment appears more closely related to E. imporoata than to E.

ansata Weingeist.
This species is too rare to be of any significance in the present
study and has not been included in the distribution charts.

Additionally,

the specimens sire so damaged that illustration of the fragments would be
of little value to other workers.

Family PROGONOCYTHERIDAE Sylvester-Bradley, 191*8
Subfamily PROGONOCYTHERINAE Sylvester-Bradley, 19^8
Genus CENTROCYTHERE Mertens, 1956

Centroaythere cf. C. annulopapillata Swain and Brown
Plate 3, figure lU

Cythere aonaentrioa (Reuss) Alexander 1929, p. 78, pi. 6, fig. U, 7;
Vanderpool 1933, p. 4ll.
not Cytherina aonaentrioa Reuss 1846, p. 104, pi. 24-, figs. 22a - c.

Centroaythere annulopapillata Swain and Brown 196k, p. Ul, pi. 3, fig.
l6a - c; Swain and Brown 1972, p. 39.
Remarks:
occurrence.

This species, when present, is rare to common in

Stratigraphically, it ranges from the Walnut Marl (upper

middle Albian) to the lower Pawpaw Shale (uppermost upper Albian).
Specimens are most common in some horizons of the Walnut, Goodland, lower
Kiamichi, and Duck Creek formations, though no specimens were found in
other horizons of these same formations.

Only two specimens were re

covered from the Fort Worth Limestone and five specimens were found in
the Denton Formation.

The species again becomes locally common in the

middle portion of the Weno Formation.

A single specimen was recovered

above the Weno Formation, and that specimen came from the lower part of
the Pawpaw Shale.

Alexander (1929) reported "Cythere aonaentrioa" to

range from the Goodland Formation through the Weno Formation.
Until a few years ago, all small plump Cretaceous ostracodes with
concentric sculpture were referred to Cythere aonaentrioa (Reuss), but
under various generic names.

The present species is similar to Centro-

oythere annulopapillata Swain and Brown described from the lower member
of the Atkinson Formation from Sun Oil Company's no. 1 Russell well,
Suwannee County, Florida.

All specimens which Alexander placed in
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Cythere oonoentriaa axe questionably referred to Centrocythere annulopapillata in the present paper.
The well preserved specimens from the north Texas Cretaceous
section examined in the present work show well developed papillae on the
concentric, low ridges which form the valve ornamentation of this species.
Many of the specimens in the present study appear to have been subjected
to slight abrasion which has Removed these papillae.

Additionally, some

of the specimens also show the development of a distinct reticulate
pattern of ornamentation on the posterior one-half of the shell formed
by connective processes between the concentric ridges.

Subfamily PROTOCYTHERINAE I^yubimova, 1955
Genus PROTOCYTHERE Triebel, 1938

Protoay there alexanderi Howe and Laurencich
Plate 3, figure 12

Cythere triplioata (Roemer) Alexander 1929, p. 79> pi. 6, figs. 2, 8.
not Cytherina triplicata Roemer 181+0, p. 10U, pi. 16, fig. 16.

Protoaythere alexanderi Howe and Laurencich 1958, p. bj2, text fig.
Remarks:

Howe and Laurencich (1958) describe this species as

having the middle rib united with the dorsal rib by a weak cross rib
near the middle.

Slide no. 5302 in the H. V. Howe Collection, indicated

as the holotype, contains both males and females of this species, and
the holotype is not clearly indicated.

However, some of the specimens

do show the connecting cross rib more prominently developed on the left
valve than on the right valve.
In the present study, specimens of this species have been obsered
in which the connecting cross rib between the middle and dorsal longi
tudinal ribs of the left valve varies from strongly developed, and
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subequal in size to the longitudinal ribs, to other specimens in which the
connecting cross rib is nearly absent.

The cross rib is frequently

absent, or weakly developed, on the right valve.
Stratigraphically, this species occurs in the Main Street Lime
stone and the Grayson Marl (both are lower Cenomanian).
locally common to abundant throughout this range.

The species is

The variation in

ornamentation is neither restricted stratigraphically, nor apparently
related to environmental conditions

because the different forms occur

within a single bed of a formation.

Family TRACHYLEBERIDIDAE Sylvester-Bradley, 19^8
Genus CYTHEREIS Jones, 18^9

Cy there-is burlesonensis Alexander
Plate H, figure 2

Cythereis burlesonensis Alexander 1929 j p. 97, pi- 9» figs. 8, 11; Howe
and Laurencich 1958, p. 186, text fig.
Remarks:

Alexander reports this species from the upper Grayson

Marl (lower Cenomanian) and the basal shales of the Woodbine Formation
(lower Cenomanian).

The present study found the species to be very rare

in the Grayson Marl except in the uppermost beds of the formation.

The

Bpecies was not found in the Buda Limestone, however the recovery of
specimens from the Buda was too poor for this absence to be significant.
The Woodbine Formation was not examined in this study.
The holotype of this species, in the Texas Memorial Museum
collection, is a male whose left valve measures 1.03 mm. in length.
Alexander (1929) reported this species had a length of 1.25 mm.

The

males are more elongate than the females, but the largest male from the
Grayson Marl in the present study was only 1.05 mm. in length.

Other
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measurements of the holotype made in the study varied less than 0.01 mm.
from the values reported by Alexander.

These measurements are: length of

right valve, 0.97 mm.; height of left valve, 0.56 mm.; height of right
valve, 0.^9 mm.; and thickness, 0.5^ mm.

Cythereia oarpenterae Alexander
Plate 3, figure 13

Cythereia oarpenterae Alexander 1929, p. 89» pi. 6, fig. lU; Vanderpool
1933, p. Ull; Lozo 19^, p. 529; Howe and Laurencich 1958, p. 187.
(?) Cythereia sp. cf. C. oarpenterae Calahan 1939» p. ^9» pi. 7» fig. 6.
Remarks:

This species occurs throughout the Walnut Marl, Marys

Creek Marl, and rarely, in the Beribrook Limestone Member of the Goodland
Formation (upper middle Albian and lowermost upper Albian).

This species

was not found in the lower Kiamichi Formation but again appears in the
upper part of the formation.
Specimens of C. oarpenterae Alexander identical to the holotype
are most commonly in those stratigraphic horizons containing an abundant
quantity of clay, and also, frequently containing pyrite.

Specimens of

Cythereis similar in outline, but differing from C. oarpenterae s.s. in
size and degree of ornamentation and which occur in the more marly
stratigraphic horizons of the Walnut Marl and Maxys Creek Marl Member of
the Goodland Formation, are placed in Cythereis sp. C, n. sp.

Cythereis dentonensis Alexander
Plate. U, figures 3, ^

Cythereia dentonensis Alexander 1929, p. 9I+, pi. 8, figs. 10, 11; Howe
and Laurencich 1958, p. 19^, text fig.
(?) Cythereis cf. C. dentonenaia Alexander, Swain and Brown 1972, p. U7,
pi. 9» figs. 17 - 19, text fig. 30.
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Remarks:

The stratigraphic range of this species is from the

middle Duck Creek Formation (upper Albian) through the upper Grayson
Marl (lower Cenomanian).

Within this range, the species is variable in

size and degree of development of the surface ornamentation.
Measurements show the largest representatives of the species
occur most commonly in the upper Denton Formation but are not restricted
to this horizon.

The smaller specimens occur throughout the stratigraphic

range of the species.

Measurements for the left valve of the female

specimens ranged from a maximum length of 0.82 mm. down to 0.675 mm.
Males are generally more elongate with the left valves of the largest
specimens being as long as 0.92 mm.

It was observed that even within

the Denton Formation where these larger specimens occur, that some
horizons would contain only specimens of about average size for the
species.

Other horizons in the Denton Formation contained both the

large specimens and the average sized specimens.
The ornamentation pattern varies from that illustrated by Alex
ander for the holotype, to specimens which have only weakly developed
reticulate surfaces anterior to the subcentral tubercle.

The strongly

protuberant subcentral tubercle and the equally protuberant nodes at the
posterior dorsal and ventral corners seen on the holotype axe somewhat
more characteristic of the molts of this species than of the adults.
Locally however, the adults do have these protuberant features.
Additionally, the smaller node just posterior to the subcentral tubercle
is not always present.
The dorsal marginal rim of the species is very weakly developed
except along the posterior one-half of the hingeline, and is much less
prominent than would be inferred by Alexander's illustration of the species.
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As neither variation in size nor surface ornamentation appear
to "be stratigraphically restrictive, division of this species into sub
species can not be justified at this time.

The variations probably

represent some variation in the environment, but the variable factor
has not been conclusively determined at this time.

Cythereis frederioksburgensis Alexander
Plate b, figure 10

Cythereis frederioksburgensis Alexander 1929, p. 89, pi. 8, figs. 12, 13;
Calahan 1939, P- ^9, pi- 7, figs. 5, 6; Lozo 19^, p. 530.
Cythereis sp. aff. C. frederioksburgensis Swain 1952, p. 82, pi. 9,
fig. 6.
Remarks:

The present study, and the study by Alexander (1929),

indicate this species is somewhat variable in size and ornamentation.
The mesh-like reticulate surface ornamentation varies in promi
nence and details throughout the stratigraphic range of the species.
This variation ranges from obscurely reticulate forms to forms with a
prominent, "typically" reticulate pattern enclosing fine punctations as
described by Alexander.

The variation in surface reticulation is most

obvious in specimens from different stratigraphic levels, however, the
variation in ornamentation does occur to a limited degree within a single
stratigraphic horizon.
In addition to the reticulate ornamentation, the surface of the
valve has a prominent subcentral node.

Posterior to the subcentral node

is a second, smaller node on the females which shows some variation in
size from horizon to horizon.

In the males, the posterior elevation

becomes more elongate and subparallel to the ventral, ridge.

In some males ,

this posterior elevation almost joins with the subcentral node and forms
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a moderately developed median ridge.
The length of this species varies from O.85 mm. to 1.10 mm. and
has an average length of 0.91 mm.

C, frederieksburgensis was not divided into subspecies as the
full significance nor the relative importance of the size variation and
development of surface ornamentation could not be determined.

Cytheveis hawleyi Alexander
Plate H, figure 8

Cythereis hajJleyi Alexander 1929, p- 95» pi- 9» figs. 3,
Laurencich 1958, P« 201, text fig.
Remarks'.

Howe and

This species occurs in the Denton, Weno, and Pawpaw

formations (upper Albian and lowermost Cenomanian).

The species is

abundant only in the lower portion of the Weno Formation.
The surface ornamentation of the valves is variable.

Specimens

from the Denton Formation have a smaller, less prominent node posterior
to the subcentral node than is characteristic of the holotype and most
specimens found in the Weno Formation in the present study.

The poste

rior node of the single specimen from the Pawpaw Shale in the present
study tends to be somewhat reticulate, similar to the remainder of the
valve surface, rather than smooth as is characteristic of the holotype
and most other specimens found in the Weno Formation in the current
Occasional specimens from the Weno Formation do have weak reticu

study.

lations on the posterior node however.
The prominence of the surface reticulation varies to some extent
throughout the stratigraphic range of the species.

This is not con

sidered significant however, because it also varies even within a single
hori zon.
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Marked sexual dimorphism is present in the species with the males
being much longer than the females.

Alexander's holotype is a female.

Males with the same height as the females have a length of 0.68 mm. as
compared to 0.6l mm. for the females.

Cythereis krumensis Alexander
Plate U, figure 9

Cythereis krumenai.8 Alexander 1929, p. 91» pi. 9, figs. 1, 2; Howe and
Laurencich 1958, P» 207, text fig.
Remarks:

This species is common in most horizons of the Duck

Creek Formation is very rare in the Fort Worth Limestone (both are middle
Albian).

Specimens from the lower portion of the Duck Creek are larger

in size than the holotype.

These specimens have a length up to 0.86 mm.

for the left valve of the males.
0.72 mm. in length.

The holotype, also a male, measures

Specimens of C. krumensis identical to the holotype

were restricted to the upper portion of the Duck Creek Formation where
they occur in great abundance in some horizons and are relatively common
in other horizons.
Alexander (1929) reported this species as rare in the Duck Creek
Formation and common in the Fort Worth Limestone.

Unfortunately,

Alexander did not indicate the basis of his boundary between the two
formations.

All persons still do not agree as to where the boundary

between these formations should be placed.

The current study has followed

the work of Perkins (1961) in the placement of the boundary.

Cythereis mahonae Alexander
Plate ^, figure 11

Cythereis mahonae Alexander 1929, p. 90, pi. 7, fig- 7; Vanderpool 1933,
p. Ull; Lozo 19*^, P* 526; Howe and Laurencich 1958, p. 213, text
fig.
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Remarks:

This species is most common in the Walnut Marl and the

Marys Creek Marl Member of the Goodland Formation (both are upper middle
Albian).

The species is rare to locally common in the Beribrook Limestone

Member of the Goodland Formation and veiy rare in the Kiamichi Formation
(lower upper Albian).

The distribution of this species is not obviously

related to the lithologic characteristics of the formations.

However,

the factors that control this .distribution was not identified at the
present time.

Cythereis nuda (Jones and Hinde) Alexander
Plate 5, figures 1, 3

(?) Cythereis omatiss-ima var. nuda Jones and Hinde 1890, p. 23, pi. 1,
fig. 76; pi. 2, figs. 9, 12 - lU; pi. 1+, fig. 1^.
Cythereis nuda (Jones and Hinde) Alexander 1929, p« 91j pl« 10, figs.
8, 9; Lozo 1951, P« 91; Howe and Laurencich 1958, p. 217, text
fig.
Remarks:

Alexander has reported the stratigraphic range of this

species as "Washita division" (upper Albian and lower Cenomanian) in
north Texas.

He also reports, "the members of the species exhibit ...

minor variations throughout the stratigraphic range ... not deserving of
even varietal distinction."
The present study agrees that much variation within the size and
ornamentation of this species is found throughout its stratigraphic range.
Specimens showing the size and ornamentation typical of the form illus
trated by Alexander (1929) are restricted to the Duck Creek Formation.
Specimens from the present study apparently considered to be conspecific
by Alexander have been divided into two species.
The two species recognized in the present study are not readily
identifiable from one another on the basis of shell characteristics, but
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have been divided on the basis of size distribution of mature specimens.

Cythereis nuda s.s. is restricted to the larger specimens and the smaller
specimens are hereby placed in Cythereis sp. F, n. sp.

Each species is

still variable in size and ornamentation throughout its stratigraphic
range.

Thus, the smaller specimens retained in C. nuda (Jones and Hinde)

Alexander and the larger specimens of C. sp. F from different horizons
are about the same size.
Specimens from the Weno Formation and the Fort Worth Limestone
are about the size of the specimen deposited in the Texas Memorial Museum
by Alexander, however, specimens from these formations are less ornate
than Alexander's specimen.

Specimens from the Main Street Limestone

(lower Cenomanian) are slightly smaller than the specimen from the
Alexander Collection.
Both C. nuda and C. sp. F occur rather abundantly in most horizons
throughout their stratigraphic range.

However, the two species can

easily be separated from one another on the basis of size distribution
of the adults at any given horizon where both species are present.

Both

males and females are recognized in each of these species which eliminates
the possibility that the size difference is the result of sexual dimor
phism.
In the stratigraphic horizons where both species were not found,
speciation was based primarily on the size range parameters for each of
the two species.

Cythereis nuda (Jones and Hinde) Alexander s.s. has a strati
graphic range from the basal Duck Creek Formation to the upper portion of
the Main Street Limestone.

The size of the species varies from O.78 mm.

to 0.92 mm. for the left valve of the females.

The males are more
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elongate than the females and have a length up to 0.98 mm.

Cythereis paupera (Jones and Hinde) Alexander
Plate 5, figure 2

Cythereis omatissima var. paupera Jones and Hinde 1890, p. 23, pi. 2,
figs. 10, 11.
Cythereis paupera (Jones and Hinde) Alexander 1929. P- 92, pi. 10, figs.
11, 12; Howe and Laurencich 1958, p. 222, text fig.
Remarks:

This species has a stratigraphic range from the lower

Duck Creek Formation (middle upper Albian) to the upper beds of the
Main Street Limestone (lower Cenomanian).

Specimens from the Grayson

Marl, previously assigned to C. paupera by Alexander, are herein con
sidered a new species.
Specimens of C. paupera vary in size from the large specimens in
the lower Duck Creek Formation which have lengths up to 0.90 mm. for
the females and 1.0U mm. for the males, to the smaller specimens of the
species found elsewhere within the stratigraphic range of the species
where the females were only 0.71 mm. in length.

The average length of

the males of this species is 0.8U mm. and the females have an average
length of 0.75 nunDetails of the surface ornamentation also vary in this species.
The number of spines on the lateral surface of the valves is variable.
Additionally, the size of the node posterior to the subcentral tubercle
varies from a prominent, elongate node with several spines along the
crest and margins, to other specimens in which the posterior node was
obscure and composed of a small cluster of two or three spines.
Specimens have a prominent, elongate spine bearing node posterior
to the subcentral tubercle also have moderately prominent dorsal and
ventral marginal rims which tend to be rather nodose.

Specimens without
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the prominent posterior elevation generally have weakly developed dorsal
and ventral marginal rims consisting of one or two rows of marginal
spines.
The ornamentation patterns listed above are not stratigraphically
restrictive, and in some horizons, specimens having both extremes in
ornamentation occur together.

Where both forms do occur in a single

horizon, one variety is usually much more numerous than the other,
though either variety may be the more common form.
Some specimens have very finely spinose ventral surfaces.

The

presence of the fine spines on the ventral surface is closely associated
with the sediment type.

The ventral spines are usually developed on the

specimens from marly shales and clays, but are generally absent on the
specimens from the more marly or calcareous horizons.

The significance

of the presence or absence of these ventral spines is not clear as their
occurrence does not appear to be entirely related to other changes in
shell morphology seen throughout the stratigraphic range of the species.

Cythereis pustulosissima Alexander
Plate 5> figure 5

Cythereis ornatissima (Reuss) Alexander 1929, p. 95, pi. 10, figs. 10, 13.
not Cytherina ornatissima

Reuss I8I16, p. 10U, pi. 2k, figs. 12, 18.

Cythereis pustulosissima Alexander 1933, p. 211, (new name); Howe and
Laurencich 1958> P« 226, text fig.
Remarks:
County area.

The present study found this species only in the Tarrant

Here, the species has a stratigraphic range that includes

the upper two-thirds of the Fort Worth Limestone (middle upper Albian)
and extends upward through the basal beds of the Main Street Limestone
(lower Cenomanian).

In most beds of the Fort Worth Limestone and in the
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lower Denton Formation, the species is rather abundant in occurrence.

In

the upper Denton and lower Weno formations, the species becomes less
common in most beds.

Cythereis pustu.losissi.ma is again very abundant in

the upper part of the Weno Formation.

The species is common throughout

the Pawpaw Shale and is abundant in the basal few feet of the Main Street
Limestone, but was not found above this horizon.
Alexander (1929) reported this species to be in the Grayson
Marl exposed at Grayson Bluff but the present study did not find any
species similar to C. pustulosissima at this locality.

The species most

nearly similar to this species at Grayson Bluff in the present study was

Cythereis sp. H, n. sp., however, this species differs significantly
from C. pustulosissima (see Cythereis sp. H, n. sp., this paper).

Cythereis roanokensis Alexander
Piatt: 5, figure 7

Cythereis roanokensis Alexander 1929, p. 91, pi. 9> fig* 10; Lozo 1951,
p. 8l; Howe and Laurencich 1958, p. 230, text fig.
Remarks:

This species was reported by Alexander (1929) to have

a stratigraphic range from the upper one-half of the Grayson Marl
through the basal shales of the Woodbine Formation.
did not include the Woodbine Formation.

The present study

The species was found to be

rare to abundant in the various stratigraphic horizons within the upper
one-half of the Grayson Marl (lower Cenomanian) in the present study.

The species was not found in the Buda Limestone (lower Cenomanian),
however, the poor recovery of fauna from this formation makes its
absence insignificant.

This species was possibly derived from Cythereis sp. D, n. sp.
described in the present paper.

The stratigraphic range of these two
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species overlap only in the middle part of the Grayson Marl, and in this
zone of overlap, the two species are rather difficult to separate from
one another.

They can be distinguished here however, by the presence

6f the fine perforations enclosed within the mesh-like reticulations of

Cythereis sp. D.

Higher in the Grayson Marl, these two species occur

together in only a single horizon.

In this uppermost occurrence of the

two species together, C. roanokensis has developed characteristics more
typical of the species which clearly differentiate the two species from
one another.
\

Cythereis sandidgei Alexander
Plate 6, figure 1

Cythereis sandidgei Alexander 1929, p. 96, pi. 9» figs. 6, 7; Howe and
Laurencich 19589 P* 232, text fig.
Remarks :

Cythereis sandidgei Alexander is present as a very

rare species only in the uppermost Weno Formation (uppermost upper Albian)
and in the Pawpaw Shale (lowermost lower Cenomanian).

Alexander (1929)

also reported this species in the Grayson Marl, but no specimens
belonging to this species were found this high stratigraphically in the
present study.

Cythereis subovata Alexander
Plate 6, figure U

Cythereis subovata Alexander 1929, P« 97 > pl« 9> fig. 5> Howe and
Laurencich 1958, P' 237> text fig.
Remarks:

C. subovata Alexander is restricted to the upper part

of the Grayson Marl (lower Cenomanian).

The species is similar in out

line to C. sandidgei Alexander and C. sp. G, n. sp.
The present species can be distinguished from the two species
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listed above "by several criteria.

C. subovata has a coarsely pitted

surface with the subequal sized pits equally distributed on the valve
surface and the three longitudinal ridges, excluding only the area
external to the muscle scars where the pits are reduced in size or nearly
absent.

The pits on C. san.did.gei do not occur on the dorsal or ventral

longitudinal ridges, and if present on the median ridge, are restricted
to the posterior one-third of ;the ridge.

Cythereis sp. G, n. sp. commonly

has only very small pores above and adjacent to the ventral ridge and no
large pits are present.

Additionally, the pits on C. subovata extend

onto the dorsal surface of the carapace almost to the hinge line.

No

pits are present on the dorsal surface of either C. sandidgei or C. sp.
G, n. sp.
Another criterion that serves to distinguish C. subovata from the
other two species is the termination of the three longitudinal ridges
about equidistant from the anterior end of the valve.

An

imaginary line

connecting the posterior end of these ridges is perpendicular to the shell
length.

The median ridge of C. sandidgei and C. sp. G, n. sp. does not

extend as far to the posterior as the dorsal or ventral ridges.

Cythereis wintoni Alexander
Plate 5s figure 9

Cythereis wintoni Alexander 1929, p. 93, pi. 8, figs. 3, 7; Howe and
Laurencich 1958, P 2li2, text fig.
Remarks:

The marginal rim of the holotype, and specimens in the

present study, is weakly developed or absent along the anterior onethird of the dorsal margin.

This narrow, keel-like ridge along

the

posterior two-thirds of the dorsal margin terminates in a short spine on
the posterodorsal node of well preserved specimens.

The holotype and
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other specimens showing signs of abrasion do not possess this spine.
The ventral marginal rim tenuinates at the posteroventral node with a
short spine surrounded by several small, pustulate projections.

Addi

tionally, unabraded specimens have a denticulate posterior margin below
the angulate posterior extremity.
Alexander (1929) reports this species only from the Fort Worth
Formation.

In the present study, the species was rare to locally common

in the upper one-third of the Duck Creek Formation (middle upper Albian),
and rare in the Fort Worth Limestone, Denton Formation, and Weno Forma
tion.

A single specimen was also found in the lower part of the Main

Street Limestone (lower Cenomanian).

The specimen from the Main Street

Limestone has a length only about three-fourths as great as the adult
specimens found stratigraphically lower in the Washita Group in Tarrant
County, Texas.

Cythereis worthensis Alexander
Plate 6, figure 5

Cythereis worthensis Alexander 1929, p- 92, pi. 7> figs. 8, 12; Howe and
Laurencich 1958» P- 2^3, text fig.
Remarks:

Alexander (1929^ reported this species had a strati-

graphic range from the Duck Creek Formation through the Grayson Marl.
Additionally, Alexander recorded the greatest number of C. worthensis as
occurring in the Fort Worth Formation.
In the present study, specimens of this species identical to the
holotype depostied in the Texas Memorial Museum Collection were restricted
in stratigraphic range to the Duck Creek Formation and the overlying
Fort Worth Limestone (both are middle upper Albian).

Specimens occurring

stratigraphically higher in the Washita Group were significantly
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variable in surface ornamentation and restrictive in stratigraphic
distribution.

Therefore, specimens stratigraphically higher than the

Fort Worth Limestone have been designated as subspecies of C. worthensis
Alexander s.s. in the present paper.

C. worthensis s.s. was not found in all the beds of the Duck
Creek and Fort Worth formations examined in the present study, but the
species was usually abundant in numbers when present.

Cythereis sp. A, n. sp.
Plate Us figure 5

Description'.

Carapace oblong, subovate, highest near anterior.

Dorsal and ventral margins nearly straight, converging toward posterior.
Anterior end broadly rounded, denticulate, bordered by a broad rim which
continues around the ventral margin without interruption to form a
ventral marginal rim.

Posterior one-half of ventral marginal rim moder

ately coarsely punctate.

Dorsal margin with rim developed along posterior

one-half of the hinge area, coarsely punctate and strongly reflected
ventrally at posterior cardinal angle.

Posterior end strongly compressed

laterally, weakly rimmed, angled near middle and denticulate on lower
one-half.

Surface of valves with prominent subcentral tubercle and

posterior node coarsely punctate.

Remainder of valve surface coarsely,

but obscurely, reticulate and finely punctate.

On the males, the node

posterior to the subcentral tubercle tends to become elongated into a
median ridge.

In dorsal view, shell widest at subcentral tubercle.

Hinge paramphidont.

Inner lamella wide.

Marginal pore canals

and muscle scars not clearly observed due to unfavorable preservation of
the shell.
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Dimensions'.

Female length, 0.7^ mm.; height 0.1*5 mm.

Distribution'.

Common to abundant in most stratigraphic horizons

of the Walnut, and Goodland formations (middle ATbian and lower upper
Albian).

Locally common to abundant in the Kiamichi Formation (?).

Remarks:

This species is similar in appearance to C. nuda

Alexander except for the smaller size and more prominent reticulation on
the surface of the valves of the present species.
It is believed by the present author that this species was included
by Alexander in Cytheveis frederioksburgensis as it is very abundant in
most horizons within its stratigraphic range but was not reported by
Alexander.
The stratigraphic distribution of the two species, Cytheveis

frederioksburgensis Alexander and C. sp. A, n. sp. is identical.

Also,

the larger specimens presently assigned to this species have the same
dimensions as the smaller
in the current study.

specimens assigned to C. frederioksburgensis

The length of C. sp. A ranges from 0.66 mm. to

0.85 mm. with an average length of 0.71 mm. C. frederioksburgensis s.s.
was found to have a variation in length from O.85 mm. to 1.10 mm.
Justification for the present division is based on the fact that
in most all stratigraphic horizons there are two distinct sizes of
specimens.

This size difference is not the result of sexual dimorphism

as both males and females were among the adults in each size range.
Surface ornamentation of the specimens placed in this species
varies in prominence from an obscurely reticulate, nearly smooth surface,
similar to that found in C. nuda Alexander in the Washita Group (upper
Albian), to a strongly reticulate pattern enclosing fine punctae similar
to that of the type specimen for C. frederioksburgensis Alexander in the
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Fredericksburg Group (middle Albian and lowermost upper Albian).

The

degree of development of surface ornamentation is not identical in C,
sp. A and C. fredevieksburgensis in the various stratigraphic horizons
where these species occur, however there is some tendency for the changes
in the ornamentation pattern within the two species to be parallel.

This

would give support to the belief that the ornamentation of these species
is affected by the environment.
Toward the upper limits of the stratigraphic range of these two
species (within the Kiamichi Formation), it becomes very difficult to
separate one from the other.

It may ultimately prove desirable to

further subdivide each C. fredexn-ckaburgnesis and C. sp. A into subspecies
on the basis of variation in ornamentation pattern.
After formal publication of this species, type specimens will be
deposited in the H. V. Howe Collection on slides numbered 9895» 9896,
and 9897-

Cythereis sp. B, n. sp.
Plate U, figure 1

Description:

Subquadrate in lateral view, greatest height at

anterior cardinal angle.

Anterior end broadly rounded, denticulate,

bordered by prominent, rounded marginal rim with papillae on ventral onehalf of rim.

Dorsal and ventral margins convergent toward posterior.

Dorsal margin straight with marginal rim.
marginal rim strongly nodose.

Posterior one-half of dorsal

Ventral margin slightly sinuate, somewhat

concealed in lateral view by strongly developed, rounded, ventral marginal
rim which is continuous with anterior marginal rim.
terminates at posteroventral marginal node.

Ventral marginal rim

Posterior end strongly

compressed laterally, angulate below middle, denticulate, and bordered
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by a low rounded marginal rim.

Median, ridge parallel to ventral marginal

rim with subrounded, papillate, subcentral tubercle and elongate, papil
late,

posterior node which terminates below posterodorsal node.

Sub-

central tubercle and posterior node separated by a low sulcus across the
median ridge.

A wide, shallow furrow surrounds the median ridge and is

bordered by the peripherial marginal rims; furrow interrupted by slightly
developed occular ridge from the eye spot to the anterodorsal part of the
median ridge.

The shallow furrow contains numerous low papillae with a

random orientation.
In dorsal view, greatest thickness along ventral marginal ridge
about midway between subcentral tubercle and posteroventral node.
Hinge paramphidont.

Inner lamella moderately wide, with line

of concrescence and inner margin coinciding, parallel to anterior margin
of valve.

Abundant, slightly sinuous marginal pore canals and false

marginal pore canals along anterior margin; canals fewer, but still
numerous, along posterior end.

dimensions:

Female length, 0.815 mm.; height, 0.51 mm.

Distribution'.

This species was found only at Grayson Bluff

during the present investigation and was restricted to the Grayson Marl
(lower Cenomanian).

Remarks:

The present species is similar to C. paupera (Jones and

Hinde) Alexander (1933) from which it was apparently derived.

C. sp. B,

n. sp. differs by having more prominent peripherial marginal rims and a
more prominent median ridge.

The papillae on the anterior marginal rim

are randomly oriented in the present species.

Also, in the present

species, the dorsal and ventral marginal rims are more coarsely nodose
than in C. paupera.

The anterior marginal rim of C. paupera has a row
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of spines parallel to the anterior margin, and the dorsal and ventral
marginal features are likely to consist entirely of spines aligned in
rows parallel to the shell margins.

Cythereis sp. C, n. sp.
Plate 3, figure 15

Description:

In dorsal view, compressed laterally, sides sub-

parallel, thickest at posterior nodes.

In side view, outline subpyriform

to subquadrate; greatest height at eye tubercle.
ventral margin slightly sinuate.

Dorsal margin straight,

Anterior end rounded, denticulate and

with small spines developed on the lower one-half of the margin.

Poste

rior end angulate with small spines and with marginal denticulations on
the lower part of the posterior margin.

Anterior marginal ridge from

eye tubercle to anteroventral margin with large subrectangular pits
oriented parallel to margin.

Low, irregular dorsal ridge terminates at

large posterodorsal node; ventral marginal ridge lower, less conspicuous
than dorsal ridge and terminating at posteroventral node.

Posterior end

strongly compressed laterally with thin keel-like ridge parallel to the
margin but not connected to the posterior nodes.
Surface of valves with low, inconspicuous subcentral swelling.
Entire surface within area bordered by marginal ridges covered with fine
reticulate pattern which becomes somewhat more coarsely reticulate toward
the posterior.

Reticulations extend onto the posterior nodes.

Hinge paramphidont.

Inner lamella narrow; marginal pore canals

numerous, crowded at posterior end.

Dimensions:

Muscle scars not observed.

Female length, 0.73 mm.; height 0.1*25 mm.

Distribution:

Rare in the lower Walnut Marl, relatively common
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in some horizons of the middle Walnut Marl and the lower Marys Creek
Marl Member of the Goodland Formation (middle Albian).

The species is

rare in the upper part of the Marys Creek Marl and the lower Benbrook
Limestone Member of the Goodland Formation.

Remarks:

This species is very similar in outline and ornamenta

tion to Cythere-is oarpenterae Alexander but is about one-third longer.
Also, the reticulations on the surface of C. aarpenterae are much larger
in respect to the size of'the carapace than those on the surface of
present species.

the

Additionally, the anterior rim of C. oarpenterae does

not show the rectangular pits found in the present species.
The types of this species will be depostied in the H. V. Howe
Collection on slides numbered 9902, and 9903 after the species is
formally described.

Cythereis sp. D, n. sp.
Plate It, figure 6

Description:

Outline subquadrate in lateral view, greatest

height near anterior end at cardinal angle.

Anterior end evenly rounded;

with niamerous fine marginal denticulations and a row of small pustulate
denticulations near the crest of the anterior marginal rim$ on the
posterior side of the anteromarginal rim and adjacent to the crest of
the rim is a row of small, quadrate, depressions parallel to the margin.
Dorsal margin straight with finely perforated, nodose marginal rim
terminating at a large, low triangular-shaped posterior tubercle.

Ventral

margin straight to slightly convex downward with finely perforate marginal
rim.

Dorsal and ventral margins slightly convergent toward posterior.

Posterior end strongly compressed laterally, angulate below middle of
valve height, denticulate and with low marginal rim.
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Entire surface of valve, excluding the portion of the median
ridge external to the muscle scars, is finely perforate.

The fine

perforations are frequently grouped together in varying numbers by a
weak to moderately prominent mesh-like pattern of reticulations.

Median

ridge begins about one-third of height above anterior end of ventral
ridge, rising posteriorly, and terminating just anterior to the triangular
posterodorsal tubercle.
Hinge paramphidont.
margin.

Inner lamella narrow, parallel to anterior

Marginal pore canals and false marginal pore canals moderately

numerous along anterior end, numerous at posterior end.

Dimensions'.

Illustrated specimen, a female:

length, 0.6l mm.;

height, 0.37 mm.

Distribution 1

Specimens were found only at Grayson Bluff along

the north side of Denton Creek, about four miles northeast of the inter
section of Texas Highway 11^ and U. S. Highway 377 in Roanoke, Denton
County, Texas.

The species is restricted to the Grayson Marl (lower

Cenomanian).

Remarks:

This species is similar in outline to Cythereis sp. A,

n. sp. but differs by having the median ridge continuous with the subcentral tubercle and the present species is smaller in size.

Cythereis sp. D becomes somewhat more coarsely reticulate in the
upper part of its stratigraphic range and closely resembles C. roan-

okensis which is also restricted to the Grayson Marl.

C. roanokensis

is a larger species and does not have the fine perforations enclosed by
the surface reticulations that is found in the present species.
Specimens of this species will later be deposited in the H. V.
Howe Collection on slides numbered 990k and 9905•
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Cythere-is sp. E, n. sp.
Plate k, figure 7

Description:
end.

Carapace elongate in side view, highest at anterior

Dorsal margin straight, concealed by overhanging dorsal rim.

Ventral margin slightly sinuate.
slightly toward posterior.
marginal rim.

Dorsal and ventral margins converge

Anterior end broadly rounded with narrow

Anterior marginal rim continuous with ventral marginal

rim which terminates at posteroventral knob.

Dorsal marginal ridge begins

behind an occular sinus and extends to the posterodorsal knob.

Dorsal

and ventral marginal ridges vary from low and straight forms to thick,
irregularly nodose forms.

Posterior end strongly compressed with small

spines on lower portion of posterior margin.
Surface of valves with prominent subcentral tubercle and short
median bar, or a smaller slightly elongate tubercle behind the subcentral
tubercle.

Valve surfaces either finely punctate with coarse reticulations

in the posteroventral region, or coarsely reticulate over entire surface.
In dorsal view, shell equally thick at subcentral tubercle and
posteroventral knob.

Strongly compressed laterally at anterior and

posterior ends.
Moderately wide inner lamella concealed by central ventral
margin of shell.

Marginal pore canals numerous, in several planes.

Hinge paramphidont.

Dimensions'.

Muscle scars not observed.
Illustrated female right valve length, 0.80 mm.;

height, 0.1*5 mm.

Distribution'.

Locally abundant in the middle Walnut Marl and

lower Marys Creek Marl Member of the Goodland Formation.
upper Marys Creek Marl.

Common in the

Rare in the Benbrook Limestone Member of the
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Goodland Formation

Remarks:

(middle Albian and lowermost upper Albian).

The larger specimens assigned to this species generally

have less prominent ornamentation on the valves, and the narrow, straight
dorsal and ventral marginal rims.

The smaller specimens have a more

coarsely reticulate surface and coarse, nodose dorsal and ventral mar
ginal rims.

These features are believed to result from ecological

conditions in which the forms lived.

The larger forms were predominantly

in samples containing larger quantities of clay, and in samples containing
large quantities of benthonic foraminifera.

The smaller forms of this

species were generally from more marly units in which benthonic
foraminifer were rather rare.

The horizon from which the illustrated

specimen comes has pyrite replacement of the gastropods and an abundant
planktonic foraminiferal assemblage which passed through the 100 mesh
screen having openings of only 0.11*7 mm*
This species is similar to C. wintoni in outline but has the
dorsal and ventral margins more nearly parallel to one another, and it
has well developed surface ornamentation which is lacking in C. wintoni.
The present species also occurs stratigraphically lower than does C.

wintoni.
Types of this species will be deposited in the H. V. Howe Collec
tion on ..slides 9908, 9909, 9910, and 9911 after it is formally described.

Cythereis sp. F, n. sp.
Plate 5» figures U, 6

Description:
tubercle.

In side view subquadrate, greatest height at eye

Left valve larger than right, overlapping around entire margin.

Anterior end denticulate, broadly rounded, bordered with strongly devel
oped, faintly carinate marginal rim.

Dorsal and ventral margins slightly
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converging toward posterior end.

Dorsal marginal rim weakly developed

from eye tubercle toward posterior, becoming thickened and forming a
rugose, subtriangular node at the posterior cardinal angle.

Ventral

Marginal rim continuous from anterior marginal rim to posteroventral
node.

Posterior end strongly compressed laterally, angulate slightly

below middle, weakly denticulate along the lower portion.
Surface of valves with rounded, subcentral tubercle and smaller,
irregularly ovate node between subcentral tubercle and posterodorsal
node.

Small, rounded, shallow pit below dorsal marginal rim and above

and slightly posterior to the subcentral tubercle.

Depressed area

parallel to anterior marginal rim with faintly developed reticulations.
Greatest width at subcentral tubercle.
Hinge paramphidont. Inner lamella wide; numerous marginal pore
canals along ventral anterior margin, fewer in number along dorsal ante
rior margin.

Anterior marginal pore canals in more than one plane.

Marginal pore canals numerous along lower portion of posterior end.
Normal pore canals anteroventrally from subcentral tubercle, few in
number, more numerous along ventral marginal rim, not apparent elsewhere
on the surface.

Muscle scars not apparent because of the poor preser

vation of the shell.

Dimensions:

Length of illustrated left valve of female specimen,

0.67 mm.; height, O.lj-3 mm.

Distribution:

Abundant in most stratigraphic horizons between

the upper portion of the Duck Creek Formation and the upper beds of the
Main Street Limestone (middle upper Albian through the lower part of the
lower Cenomanian).

Remarks:

This species is very similar to C. nuda (Jones and
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Hinde) Alexander.

It does not have the reticulate pattern developed on

the posterior end that is associated with C. nudas however, variation in
ornamentation of both C. nuda and C. sp. F throughout their stratigraphic
ranges makes ornamentation alone an unreliable criterion for identification.
The two species have nearly identical stratigraphic ranges, and both
usually occur in abundant numbers, however, they can be identified pri
marily on the basis of size distribution, and secondly on variation in
ornamentation.

Generally, the smaller specimens of this species were

associated with the smaller specimens of C. nuda.

In horizons where each

species was not represented, speciation was based on size range parameters
for the respective species found elsewhere within their stratigraphic
range.
Specimens of this species will be placed in the H. V. Howe Col
lection on slides 9918, 9919, and 9920 after the species is formally
described.

Cytheveis sp. G, n. sp.
Plate 6, figure 2

Description'.

Left valve subquadrate in lateral view, greatest

height at anterior cardinal angle.

Anterior end rounded, with prominent

marginal rim and numerous denticulations.

Dorsal margin sinuate to nearly

straight with marginal rim strongly developed along posterior two-thirds.
Dorsal marginal rim irregularly nodose with nodes forming a weakly de
veloped ridge, or line of nodes, obtusely angled downward at posterodorsal tubercle and extending in a posteroventral direction.

Ventral

margin convex downward with marginal rim continuous from anterior marginal
rim to posteroventral node; a small spine occurs on the posteroventral
tubercle.

Ventral marginal rim punctate along posterior one-third of rim
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with punctae aligned parallel to ventral margin.

Posterior end strongly

compressed laterally, angulate slightly below middle, with low marginal
rim around entire end and denticulations below angulate posterior ex
tremity.

Dorsal and ventral margins slightly convergent toward posterior.

Surface of valve with prominent median ridge parallel to ventral
margin.

Median ridge includes slightly developed subcentral muscle node

at anterior end of ridge, and continues posteriorly without interruption
to terminate just anterior to compressed posterior end of the shell.
Surface of valves slightly pustulose near posterior end of the median node
and between the posterior end of the median node and the posterodorsal
tubercle.

A weakly developed occular ridge is developed below the eye

spot and extends about one-half the distance from the eye spot toward
the anterior end of the median ridge.
is smooth and unornamented.

The remainder of the valve surface

The greatest width occurs along the median

ridge of the valves about mid-length of the shell.
The right valve of the species is subovate in outline, but other
wise similar to the left valve of the species.
Hinge paramphidont.

Inner lamella relatively moderate in width,

with line of concrescence and inner margin of lamella coinciding;
parallel to anterior margin of valve.

Marginal, pore canals and false

marginal pore canals abundant, and slightly sinuous along the anterior
margin; fewer, but still numerous, along the posterior end.

Dimensions:

Left valve of female illustrated:

length, 0.6j mm.;

height, 0.38 mm.

Distribution: Restricted to the Grayson Marl (lower Cenomanian).
Remarks:

This species is very similar in outline to C. sandidgei

Alexander and may have been included in that species by Alexander (1929).
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Cytheveis sp. G differs by lacking the reticulate pattern which is well
developed on most of the lateral surfaces of C. sandidgei.

Specimens of

the present species which have the more prominently developed punctae
along the ventral ridge, and the weakly pustulate area near the posterodorsal end of the median ridge, have a pseudoreticulate appearance that
can be confused with the ornamentation pattern seen on C. sandidgei,
however the present species does not have a true reticulate ornamentation
on the valve surfaces.
Each of these two species has a limited stratigraphic range and
the ranges of the two species do not overlap.
This species will be deposited in the H. V. Howe Collection on
slides 9922 and 9923 after it is formally described.

Cytheveis sp. H, n. sp.
Plate 5, figure 8

Description:
anterior end.

Subquadrate in lateral view, greatest height near

Anterior end broadly rounded in dorsal one-half and

finely denticulate on marginal rim; more acutely rounded in ventral
portion with two rows of subequally bifid spines on the marginal rim.
Dorsal and ventral margins convergent toward posterior end.

Dorsal

margin straight, with small marginal spines and no distinct marginal rim.
A prominent spine is developed on the posterodorsal tubercle.

Ventral

margin slightly sinuate with small spines indistinctly aligned parallel
to margin forming an inconspicuous rim which terminates at the posteroventral tubercle.

Posteroventral tubercle surmounted by strongly

developed, unequally branched spines.

Ventral surface finely spinose.

Posterior end strongly compressed laterally, obscurely angulate near
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middle with low denticulate marginal rim.
Lateral surface of valves with prominent, short occular ridge
extending vertically below the large, prominent eye spot.

A low, indis

tinct, circular, subcentral node is ornamented with several bifid spines
on the summit, and smaller, simple

spines toward the anterior end.

Dorsally and posteriorly to the subcentral node, the lateral sufrace of
the valves has several small, simple or bifid spines connected by a
mesh-like reticulate pattern.

The reticulate ornamentation also occurs

ventrally to the subcentral node.

Only in the sulcus, parallel and poste

rior to the anterior marginal rim, and on the strongly compressed poste
rior end adjacent to the posterior marginal rim, is the ornamentation
lacking or only faintly developed.
Inner lamella wide with inner margin and line of concrescence
coinciding and parallel to the margin of the valve.

Radial pore canals

numerous , most conspicuous along the ventral portion of the posterior
end of shell.

Normal pore canals and muscle scars not observed.

Hinge

paramphidont.

Dimensions:

Length of illustrated specimen, including the

anterior marginal spines, 0.975 mm.; length, excluding the anterior
marginal spines, 0.935 mm.; height 0.53 mm.

Width of a complete carapace,

0.55 mm. excluding the posteroventral spines; width of the same specimen
including these spines, 0.63 mm.

Distribution-.

Restricted to the uppermost Main Street Limestone

and the lower Grayson Marl (lower Cenomanian).

The species was not in

all the stratigraphic horizons within this range, but was generally
common when present.

Remarks-.

The present species is similar in outline to Cythereis
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pustulosissima Alexander but is slightly larger than that species.

The

ornamentation of the two species differs in that C. -pustulosissima has a
greater number of spines on the surface of the valves, but the spines are
somewhat smaller and Eire simple rather than bifid as in the present species.
Additionally, the spines of C. pustulosissima are not connected by a
reticulate ornamentation that is very prominent as they are in the
specimens of Cythereis sp. H, n. sp.
Stratigraphically, this species occurs higher in the section than
does C. pustulosissima and the range of the two species was not found to
overlap in the present study.

Alexander (1929) reported C. pustulosissima

(=C. omatissima) occurred as high, stratigraphically, as the Grayson
Marl.

In the present study, C. pustulosissima was found in the lower

part of the Main Street Limestone, but not in the upper part of that
formation, nor in the Grayson Marl where the present species occurs.
Specimens of this species will be deposited in the H. V. Howe
Collection on slides 9927 and 9928.

Cythereis worthensis Alexander var. I, n. subsp.
Plate 6, figure 3

Description-.
end.

Shell elongate, subquadrate, highest near anterior

Anterior end rounded, finely denticulate, bordered by strongly

developed marginal rim.

Dorsal margin straight, weakly developed marginal

rim continuous with anterior marginal rim along entire length.

Ventral

margin straight to slightly sinuate, with prominent marginal rim.
and ventral margins strongly convergent toward posterior.

Dorsal

Posterior end

compressed laterally and bordered by a low marginal rim.
Surface of valves with prominent median ridge starting midway
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between dorsal and ventral margins below anterior cardinal angle.

Median

ridge parallel to ventral marginal ridge, terminating at slightly developed
posterodorsal node where the median ridge and the dorsal marginal ridge
unite.
In dorsal view, sides subparallel with greatest thickness near
posterior end below the posterior cardinal angle.

Left valve slightly

larger than the right, overlapping the right valve only near the anterior
cardinal angle.
Inner lamella wide, with line of concrescence and inner margin
almost coinciding, parallel to anterior margin.

Marginal pore canals

and false marginal pore canals slightly sinuate, numerous along anterior
margin; fewer in number at posterior end.
scars typical for the genus.

Hinge paramphidont.

Muscle

Normal pore canals numerous along the

ventral marginal ridge.

Dimensions-.

Length of illustrated male, 0.59 mm.; height, 0.325

mm.

Distribution-.
upper Albian).

Restricted to the middle Weno Formation (upper

The species is rather common in the stratigraphic

horizons where present.

The species was not present in all beds of the

middle Weno Formation.

Remarks-.

This species is similar to C. worthensis Alexander s.s.

and C. worthensis var. J, n. subsp. except for less ornamentation on the
surfaces of the valves.

In the present species, the median ridge unites

with the dorsal marginal ridge, but this characteristic is not found in
either of the two closely related species listed above and also from the
Washita Group in the north Texas area.
After formal publication, type specimens of this new subspecies
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will be placed in the H. V. Howe Collection on slides 9932 and 9933.

Cythereis Worthensis Alexander var. J, n. subsp.
Plate 6, figure 7

Description:

In side view, elongate, subrectangular, greatest

height near anterior end.

Anterior end broadly rounded, denticulate,

with prominent marginal rim.
ventral corner.

Anterior marginal rim punctate at antero-

Dorsal margin straight, with low irregular marginal rim

continuous from anterior to posterior marginal rims.

Ven&ral margin

straight with low, finely punctate marginal rim continuous from anterior
marginal rim to posterior marginal rim.
slightly convergent toward posterior.

Dorsal and ventral margins

Posterior end strongly compressed

laterally, angulate near middle, rimmed, and denticulate along lower
portion.
Surface of valves with thin median longitudinal ridge begining
midway between anterior marginal rim and vertical row of muscle scars
which can be seen through the thin-walled valves.

Median ridge parallel

to ventral margin, terminating midway between dorsal and ventral margins
below the posterior cardinal angle.

Lateral surface of the valves

enclosed in a continuous marginal rim; reticulate except on the strongly
compressed posterior end.

Reticulations dorsal to median ridge large,

irregularly spaced; ventral to median ridge, reticulations smaller,
aligned in three rows parallel to ventral marginal ridge.

Reticulations

radiate from anterior end of median ridge toward the .anterior margin of
the valve.
Left valve slightly larger than the right, with little overlap of
the right valve except near the anterior cardinal angle.

In dorsal view,

the greatest width occurs near the posterior where the median ridge ends.

l6l
Inner lamella moderately wide.
few, slightly sinuate.

Normal pore canals not observed.

typical for the genus Cythereis.

Dimensions-.

Marginal pore canals relatively
Muscle scars

Hinge paramphidont.

Length of male, left valve illustrated in present

paper, 0.6l mm.; height of same specimen, 0.305 mm.

Distribution:

Restricted to the upper portion of the Denton

Formation (middle upper Albian).

Remarks:

This species differs from Cythereis Worthensis Alexander

s.s. by having a more prominent reticulate surface.

Also, the reticulations

of C. worthensis s.s. are not aligned parallel to the ventral margin and
do not radiate from the anterior end of the median ridge.

The differences

between this species and C. worthensis var. I, n. subsp. are discussed
in the remarks for C. worthensis var. I.
Types of this species will be deposited in the H. V. Howe
Collection after the species is formally described.

These specimens will

be placed on slides 993k, 9935> and 9936.

Genus ISOCYTHEREIS Triebel, 19^0

Isocythereis sp. A, n. sp.
Plate 6, figure 6

Description:

Subpyriform in lateral view.

Anterior broadly

rounded, denticulate, with thin, irregular marginal keel-like rim.
Dorsal and ventral margins strongly converging toward posterior.
margin slightly concave, denticulate.

Dorsal

Ventral margin straight or concave.

Posterior end compressed laterally, sharply produced, strongly denticulate,
and with marginal rim.

Greatest height about one-fourth the length from

the anterior max gin.
Eye spot at anterodorsal end of anterior marginal rim.

Thin rim
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along posterior one-half of dorsal margin terminating at posterior,
bar-like node oriented at right angles to the hinge line.

Obscure,

somewhat discontinuous, thin ridges originate on each side of the
J>osteroventral node and converge toward the anteroventral marginal ridge.
Surface of valves with small aubcentral tubercle connected to subequal
sized anterior tubercle located about three-fourths of maximum height
below the eye tubercle by a short median bar.

Remainder of valve surface

finely papillate to weakly reticulate except on the compressed posterior
end which is finely perforate.

In dorsal view, sides subparallel with

greatest thickness at subcentral tubercle and at posteroventral nodes.
Left valve slightly larger than right, but with no prominent
overlap.

Inner lamella wide, numerous anterior marginal pore canals and

false marginal pore canals.
in number.

Posterior marginal pore canals less frequent

Prominent flange along anterior margin.

frequent on ventral one-half of shell.

Normal pore canals

Muscle scars obscured in part

by ornamentation which can be seen through the thin 'Shell walls.

Hinge

hemiamphidont.

Dimensions-.

Illustrated right valve length, 0.535 mm.; height,

0.29 mm.

Distribution-.

Stratigraphic range from the upper Duck Creek

Formation to the middle of the Main Street Limestone (upper Albian to
lower Cenomanian).

The species is generally rather rare throughout most

of its stratigraphic range except in the Weno and Pawpaw formations where
it becomes locally abundant.

Remarks:

This species differs from Isooythereis (?) sp. B, n. sp.

by being smaller in size and having greater convergence of the dorsal and
ventral margins toward the posterior.

Also, the anterior marginal rim
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of I (?) sp. B is thicker and more rounded than in the present species,
and there are no marginal denticulations along the dorsal margin of that
species.
Specimens of this species will be deposited in the H. V. Hove
Collection at a later date on slides numbered 9937 and- 9938.

Isoaythereis (?) sp. B, n. sp.
Plate 6, figures 8, 10

Description: Subrectangular in lateral view, highest near anterior
end at eye spot.

Anterior end broadly rounded, denticulate.

Prominent

anterior ridge parallel to anterior margin, becoming lower, less distinct
at anteroventral margin.

Ventral margin with subparallel series of nodes

ending at large prominent posteroventral node.

Dorsal margin straight

with low dorsal ridge originating about mid-length and increasing in
height toward the posterior.

Dorsal ridge turning ventrally at posterior

cardinal angle to a point about midway between dorsal and ventral margins
where it terminates abruptly.

Posterior end strongly compressed laterally,

angulate, denticulate along lower portion.
An irregular shaped raised area occurs above the small subcentral node.

Low, inconspicuous, sinuate ridges extend toward the

dorsal and anterodorsal margins from this subcentral raised area.

The

irregular shaped raised area and the low sinuate ridges are seen on the
internal part of the shell and partly conceal the muscle scars.

Poste

rior and posteroventrally to the subcentral node, the valve is ornamented
with a few small, low, irregular nodes.

In dorsal view, carapace narrow,

sides subparallel, and strongly compressed laterally at anterior and
posterior ends.
Hinge hemiamphidont (?).

Inner lamella relatively wide along
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anterior.

Normal pore canals and radial pore canals not apparent.

Dimensions'.

Illustrated female left valve: length, O.65 mm.;

height, 0.33 mm.

Distribution:

Hare in the Walnut Marl, locally common in parts

of the Marys Creek Marl and Benbrook Limestone members of the Goodland
Formation, rare in the Kiamichi Formation (upper middle Albian through
the lowermost upper Albian).

Remarks:

This species is best developed in the more marly

samples in the area of study, though it is not restricted to these
horizons.

This species is similar in outline to Cythereis oarpenterae

Alexander which has the same stratigraphic range.

The present species

has a different type of hinge and lacks the reticulate ornamentation
characteristic of C. oarpenterae.

The two species are about the same

size and may have been considered conspecific by Alexander (1929).
The illustrated specimen, along with other valves of this species
will be deposited in the H. V. Howe Collection on slides 9939 5 99^0,
991+1, and 99^2.

Isocythereis sp. C, n. sp.
Plate 6, figure 9

Description:

Subrectangular in side view, greatest height about

one-fourth of the length from anterior margin.

Anterior end compressed

laterally, broadly rounded, slightly denticulate along lower portion,
bordered by a low, double keeled rim with partitions between the keels
forming shallow, retangular pits parallel to the anterior margin.
margin straight; ventral margin sinuate.

Dorsal

Posterior end strongly

compressed, angulate near middle, denticulate along lower portion.
Surface ornamentation with weakly developed dorsal marginal rim
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along the posterior one-half of the hinge area; thin median ridge
extending from low, obscure, elongate, subcentral node and terminating
near the posterodorsal node; thin ventral ridge starts midway between
anterior part of subcentral tubercle and anteroventral margin, extending
to posteroventral node, parallel to ventral margin.
reticulate, except on compressed posterior end.
essentially parallel to shell margins.

Surface coarsely

Reticulate pattern

E^re spot small.

In dorsal view, carapace subparallel, greatest thickness at
posteroventral node.

Dorsal surface coarsely reticulate.

Left valve slightly larger than right, but with no prominent
overlap.
margin.

Inner lamella wide with conspicuous flange along anterior
Marginal pore canals numerous and in more than one plane.

Normal pore canals and muscle scars not clearly observed due to shell
preservation and the reticulate ornamentation which can be seen through
the shell wall.

Hinge hemiamphidont.

Dimensions'.
height,

Illustrated female left valve length,

0.65 mm.;

0.365 mm.
Distribution:

This specios occurs from the base of the Duck

Creek Formation to the upper Grayson Marl (middle upper Albian through
the lower Cenomanian).

Two badly preserved specimens that might also

belong to this species were recovered from the Buda Limestone.

Remarks:

This species appears to differ from I. fissioostis

Triebel (from the Albian in Germany)

in that the present species has

the median ridge less nearly parallel to the dorsal margin and the surface
reticulation appears to be more prominently developed in front of the
subcentral. tubercle.
Radial pore canals are not usually visible in specimens from the
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Duck Creek, Fort Worth, and Weno formations due to shell preservation,
however, the radial pore canals are usually visible in the specimens
from the Grayson Marl.
Other differences in specimens from various parts of the stratigraphic section are variation in size of specimens and in ornamentation.
Specimens from the lower part of the stratigraphic range tend to have
the median ridge cross the subcentral node and become a part of the
reticulate pattern on the anterior portion of the valve.

Specimens from

The Grayson Marl tend to have the median ridge stop at the subcentral
node and have the reticulate pattern in front of the node less nearly
parallel to the anterior shell margin.

These characteristics are

considered to be of minor importance to speciation at this time because
they are not consistent throughout the stratigraphic range of the species.
The illustrated female left valve and other specimens of this
species will be placed in the H. V. Howe Collection on slides 99^-3 and
991+U.

Isoaythereis sp. C, var. A, n. subsp.
Plate 6, figures 12, 13

Description:

Subpyriform in lateral view.

Anterior end bordered

by low marginal rim, denticulate; dorsal one-half broadly rounded,
ventral portion more acutely rounded.
convergent toward posterior.

Dorsal and ventral margins strongly

Dorsal margin straight or slightly concave,

weakly rimmed anteriorly to posterior cardinal node. , Ventral margin
sinuate.

Posterior end angulate near middle, denticulate, strongly

compressed laterally, weakly rimmed.
Entire surface of valves coarsely reticulate*

Median ridge

weakly developed anterior to subcentral tubercle, terminated at apex of
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subcentral tubercle.

Small posterior median node slightly anterior and

equidistant from larger posterodorsal and posteroventral nodes.

Ventral

ridge low, parallel to ventral margin, starts below subcentral tubercle,
becomes more prominent toward posterior, and ends at posteroventral node.
Eye spots prominent.
In dorsal view, subcentral tubercles and posteroventral nodes
form the greatest shell width of the males; in the females, the greatest
shell width is at the posteroventral nodes.
Left valve very slightly larger than the right, no prominent
overlap present.

Inner lamella wide with conspicuous flange along the

anterior margin.

Marginal pore canals numerous.

muscle scars not clearly observed.

Dimensions:

Normal pore canals and

Hinge hemiamphidont.

Illustrated female left valve length, 0.55 mm.;

height, 0.32 mm.

Distribution'.

The stratigraphic range is from the uppermost

part of the Duck Creek Formation to the top of the Main Street Limestone
(middle upper Albian to lower Cenomanian).

The species is locally

abundant in parts of the Fort Worth, upper Denton, and Weno formations.

Remarks:

This species is very similar to Isoaythereis sp. C,

but differs in having a smaller size and less prominent longitudinal ribs.
Additionally, the reticulation is subequally prominent on the entire
surface of the present species but is nearly absent on the compressed
posterior end of J. sp. C.
This species occurs most abundantly in the lower Fort Worth
Formation, the Denton Formation, and the lower Weno Formation.

aythereis sp. C is rare or absent from those formations.

Iso

Both species

commonly occur together in the upper part of the Fort Worth Formation,
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though one usually occurs in greater numbers than the other.

Either

species may be the more abundant of the two.
The illustrated specimen, along with other specimens of this
species, will be deposited in the H. V. Howe Collection on slides 99^5,
99b6, and 99^7-

Family UNCERTAIN
Genus STILLINA Laurencich, 1957

StiZlina astevata Laurencich
Plate 6, figure 11

StiHina asterata Laurencich 1957 5 P« ^56, figs, la - d, 2a - d; Howe
and Laurencich 1958, P« ^995 text fig.
Remarks:

This is a relatively rare species restricted to the

Goodland and Kiamichi formations (uppermost middle Albian and lowermost
upper Albian).

The species occurs most frequently in the Goodland

Formation in stratigraphic horizons with a high clay content, but was
not restricted to these horizons.

Genus TIMIRIASEVIA Mandelstam, 19^7

Timiviasevia (?) sp. A, n. sp.
Plate 7j figure 1

Description:

In lateral view, circular to elongate with almost

straight ventral margin; posterior end somewhat more truncate than
anterior end.

Left valve larger than right, slightly overlapping around

entire periphery.

Surface of valves ornamented with longitudinal lines

tending to converge toward the slightly depressed area of the valve
external to the muscle scar area.

Dimensions:
0.1*1 mm.

Illustrated specimen length, 0.53 mm.; height,
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Distribution:

A total of 18 specimens of this species was

recovered from some horizons within the lower Main Street Limestone and
the lower Grayson Marl (both are lower Cenomanian).

Wo representatives

Of the species were found in the upper Main Street Limestone, nor above
the lower twelve feet of the Grayson Marl.

Remarks:

The generic assignment of this species is questionable

sis all the specimens recovered' had both valves intact preventing any
observation of the internal shell characteristics.

Additionally, these

specimens are quite variable in size, and many of the specimens were
badly distorted and showed signs of abrasion.

Timiviasevia is a freshwater species originally reported from
Cretaceous strata in Asia.

[y

Bate (1965) reported this genus, along with

other freshwater species, associated with a marine, Jurassic fauna in
England.

The genus has not previously been reported from North America.

Specimens, tentatively assigned to this genus in the present study, are
associated with a shallow water marine fauna.

The state of preservation

exhibited by most of these specimens would suggest that they were not
indigenous to the area, but were most likely transported into the area.
The illustrated specimen and other representatives of this species
will be deposited in the H. V. Howe Collection on slides 99^9 and 9950
after the species is formally described.

Suborder PLATYCOPINA Sars, 1866
Family CYTHERELLIDAE Sars, 1866,
Genus CYTHERELLA JONES, 181+9

Cytherella comanohensis Alexander
Plate 7» figures 2, 4

Cytherella comanohensis Alexander 1929, p. 49, pi. 1, figs. 7, 8 (female).
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Cytherella obovata Jones and Hinde, Alexander 1929, p. ^9» pi. 2, figs.
5, 9 (male).
not Cytherella obovata

Jones and Hinde 1889, p» ^9> pi. 3, figs. U6, kj.

Cytherella oomanohensis Alexander 1932a, p. 307> pi. 28, figs. 5, 6; Lozo
1951, p. 8l; Howe and Laurencich 1958, p. 2^5> text fig.
Remarks:

In the Washita Group (upper Albian and lower part of

the lower Cenomanian) of north Texas, the Genus Cytherella was found in
beds from the upper one-third of the Duck Creek Formation, upward stratigraphically, through the Grayson Marl.

The genus occurs in abundant

numbers in most beds throughout this stratigraphic range, though in some
beds, the genus is absent or rare and represented only by juvenile
specimens.

Stratigraphic horizons containing only juvenile specimens

were most common in the lower Grayson Marl, but were not restricted to
this formation.
Alexander (1929) recorded two species of Cytherella from the
Washita Group of north Texas.

Later, Alexander (1932a) listed these

two forms as males and females of the same species.

The stratigraphic

range of C. oomanohensis was recorded by Alexander (1929) as Fort Worth
Limestone through the Grayson Marl, with the species listed as most
common in the Grayson Marl.
Specimens most typical of Alexander's female C. oomanohensis
were found in the Dentoxi

and

Weno formations in the present study.

Most

specimens having an outline similar to the females (?) in the Grayson
Marl, the type locality of the species, were slightly larger than the
holotype.

The males (?) of the species frequently have thinr-walled

valves and an outline that is somewhat characteristic of instars of the
genus.

If these specimens are truely males, they outnumber the females

in at least one stratigraphic horizon of the Grayson Marl exposed at
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Grayson Bluff, Denton County, Texas.
This genus is not an important stratigraphic marker in the north
Texas area.

A great amount of variation in the size and the lateral

outline of the genus occurs from one stratigraphic horizon to the next,
and even within a single bed within a formation.

Subdivision of the

genus was not attempted at the present time, however, additional work
needs to be done on the representatives of this genus which occurs in
the Washita Group of north Testis.
The maximum length of specimens believed to be adults varies
from 0.61+ mm. in some horizons to 0.77 mm. in other stratigraphic horizons.
The variation in size of the adults from one horizon to another horison
is more pronounced in the lower portion of the stratigraphic range of
the species (?) than in the upper part of the stratigraphic range.
Additionally, some of the larger specimens in the lower portion of the
stratigraphic range have the dorsal margin of the right valve more
strongly arched than is typical of the members of this species in the
Grayson Marl.

Cytherella frederiaksburgensis Alexander
Plate 7 > figure 3

Cytherella ovata (Roemer), Alexander 1929, p- ^7> pl«

figs. 1, 2.

not Cytherina ovata Roemer 18^0, p. 10U, pi. l6, fig. 21.

Cytherella frederiaksburgensis Alexander 1932a, p. 308, pi. 28, figs. 7j
8; Lozo 19^> p. 530; Howe and Laurencich 1958, p. 2^7, text fig.
Remarks:

Many of the specimens in the present study are identical

to Alexander's holotype.

Other specimens are smaller with dorsal and

ventral outline subparallel in the anterior one-half of the shell.

The

dorsal outline of the smaller specimens slopes downward in the posterior
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one-half of the shell.

The smaller specimens are believed at the present

time to represent juveniles of C. frederiaksburgensis , however, additional
study needs to be done on the Cytherella which occur in the Fredericks
burg Group (middle Albian and lowermost upper Albian) of north Texas.
The holotype from the Texas Memorial Museum Collection measures
0.88 mm. in length rather than O.78 mm. as reported by Alexander (1929).
This species is generally abundant in the Walnut Marl and the
Goodland Formation in the area of study; the species is rare in the
Kiamichi Formation except near the middle of the formation where the
species becomes locally common.

Cytherella sootti Alexander
Plate 7 y figure 5

Cytherella sootti Alexander 1929> p. *+8, pi. 1, figs. 12, 15; Calahan
1939s P* ^9 > pi. 7j fig. 12; Lozo 19^> P« 530; Howe and
Laurencich 1958, p. 255» text fig.
Remarks'-

This is a rare species found in only three stratigraphic

horizons of the Goodland Formation in the present study.
The outline of this species in lateral view is very similar to
the outline normally associated with the genus Cytherelloidea, however,
the valves of the present species are smooth with no ornamentation.

Genus CYTHERELLOIDEA Alexander, 1929

Remarks'.

Alexander (1929) introduced the name Cytherelloidea for

those species of the Family Cytherellidae with distinct ornamentation on
the valves.

At that time, Alexander recognized four species of this

genus in the Comanche Series (middle Albian through lower Cenomanian) of
north Texas, though he did not record the genus as occurring below the
Fort Worth Limestone.
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In the present study, specimens of this genus occur in some
stratigraphic beds of all the formations between the lower Walnut Marl
and the upper Grayson Marl, except no specimens were found in the Kiamichi
Formation.

In the Walnut and Goodland formations, the genus is rather

persistent, but never common, in occurrence.

Above the Kiamichi Forma

tion, from the lower Duck Creek into the upper Grayson Marl, the genus
is rather common in most beds, if it is present.
Howe and Laurencich (1958) concluded that specimens referred to

C. granulosa (Jones) and C. Williamsonian var. striata (Jones and Hinde)
by Alexander (1929) were probably new species, but they did not rename
Alexander's species.

Howe and Laurencich questionably left Alexander's

C. obUquirugata in synonymy with the species named by Jones and Hinde
(1890).
The present writer has been able to recognize specimens identical
to each of the types Alexander deposited in the Texas Memorial Museum
at Austin, Texas.

However, because of the strong variation of ornamenta

tion displayed by these species, even within a single horizon, the
present study does not attempt to delimit the stratigraphic ranges of
the individual species.
Specimens that Alexander (1929) placed in C. williamsoniana var.

striata (Jones and Hinde) and C. granulosa (Jones) have been referred to
in the present paper as Cytherelloidea sp. 1 and Cytherelloidea sp. 2
respectively.

This was done as the European species were not available

to the present writer.

Cytherelloidea obUquirugata (Jones and Hinde)
Plate 7 > figure 7

(?) Cytherelloidea obUquirugata (Jones and Hinde) 1890, p. 50, pi. 3,
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fig. 73; Howe and Laurencich 1958, p. 266, text fig.

Remarks:

This species is most abundant in the Grayson Marl

(lower Cenomanian), however, specimens of this species, identical to the
one deposited in the Texas Memorial Museum, Austin, Texas, by Alexander,
occur as low stratigraphically as the basal beds of the Weno Formation
(upper part of the upper Albian).
It is noted here, that specimens identical to the specimen
Alexander placed in the Texas Memorial Museum Collection frequently had
thin-walled shells when found as a single valve.

In at least one

horizon of the Grayson Marl, specimens of this species were associated
with only juvenile forms of Cytherella and Cythereis,

It is suggested

here, that this species is possibly a juvenile form of some other species
of Cytherelloidea, though it could not be related to another species in
the present study.

Cytherelloidea reticulata Alexander
Plate 7, figure 6

Cytherelloidea reticulata Alexander 1929, p. 57, pi. 2, fig. 11; Howe
and Laurencich 1958, p. 268, text fig.
Remarks:

Specimens identical to the holotype deposited in the

Texas Memorial Museum, Austin, Texas, occur, in the present study, in
the Denton and Weno formations (upper part of the upper Albian) in Tarrant
County, Texas.
The holotype of this species has identical ornamentation on each
of the valves, however, some specimens recovered in the present study
show a slight variation in the ornamentation of the two valves, with
only the ornamentation pattern of one of the valves being identical to
that found on the holotype.
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Cytherelloidea sp. 1
Plate 7 > figure 8

Cytherelloidea williamsoniana var. striata (Jones and Hinde), Alexander
1929, p. 56, pi. 2, fig. 10.
not Cytherella williamsoniana var. striata Jones and Hinde 1889, p. 1*8,
pi. 3, fig. 71.
not Cytherelloidea striata (Jones and Hinde), Howe and Laurencich 1958,
p. 270, text fig.

Remarks'.

The holotype of Cytherelloidea Williamsoniana var.

striata was not available to the present author during this study,
however, a paratype of the species is in the H. V. Howe Collection.

The

species from the Fort Worth Limestone collected in Tarrant County, Texas,
differs from the paratype in that the present species does not have the
fine denticulations that occur on the posterior portion of the species
described by Jones and Hinde.

Alexander (1929) reports this species

from the Fort Worth and Denton formations (middle upper Albian).

Cytherelloidea sp. 2
Plate 7, figure 10

Cytherelloidea granulosa (Jones), Alexander 1929, p. 57, pi. 2, fig. 7.
not Cytherella williamsoniana var. granulosa Jones I8U9, p- 31, pi. 7,
fig. 26i.
not Cytherelloidea granulosa (Jones), Howe and Laurencich 1958, p. 265,
text fig.

Remarks:

Alexander (1929) records this as a rare species in the

Grayson Formation (lower Cenomanian) in the area of present study.
The species is characterized by the anterior and posterior
margins of the shell being equally rounded and with small denticulations
occurring on the posterior margin.

The surface of the valves are orna

mented with a fine mesh-like reticulation pattern having varing numbers
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of small papillae located on the reticulate surface.

This ornamentation

differs from that Jones (18^9) described for C. Williamsoniana granulosa
which has the surface covered with granulations.
A species similar to the one from the Grayson Marl that Alexander
placed in C. Williamsoniana granulosa was found in the Main Street
Limestone during the current study, however, the specimens from the Main
Street Limestone differ from those specimens in the Grayson Marl in that
they lack the mesh-like reticulations on the surface of the valves.

The

specimens from both the Main Street Limestone and the Grayson Marl have
the papillae in approximately the same general pattern on the valve
surface as the specimen Alexander placed in the Texas Memorial Museum
Collection.
No conclusion is made at this time as to whether the specimens
from the Main Street Limestone and the Grayson Marl should be placed in
the same species, or if they should be considered as two species.
Specimens identical to the one Alexander described as C. Williamsoniana

granulosa, and here referred to as CytherelloicLea sp. 2, were found
only in the Grayson Marl in the present study.

Cytherelloidea sp. 3, n. sp.
Plate 7» figure 9

Description:

Almost rectangular in side view with straight

dorsal margin and very slightly sinuate ventral margin.
rounded; posterior end obliquely rounded.

Anterior end

Right valve slightly larger

and overlapping the left valve around the entire perimeter of the shell.
A thin marginal rim is most prominent along the anterior margin of the
left valve.

Anterior one-quarter of the valve surface smooth.

margin elevated and marked with shallow obscure pits.

Posterior

The smooth anterior
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end. of the shell extends posteriorly along the ventral margin as a low,
"broad ridge which narrows rapidly to form a narrow ventral ridge parallel
to the ventral margin along the posterior one-third of the shell length.
This ventral ridge terminates at the elevated posterior end of the shell.
A very thin mid-lateral ridge originates at the posterior limit of the
smooth anterior end of the shell and extends posteriorly to the elevated
posterior end of the valve.

The area of the valve dorsal to the mid-

lateral ridge and between the anterior one-quarter of the shell and the
posterior elevated end contains an irregularly shaped depressed area
externally to the muscle scar area and numerous small, irregular, raised,
obscure rugae.

Ventrally to the median ridge, the rugae are less

obvious and more nearly parallel to the longitudinal ridges.

Dimensions:

Illustrated specimen:

length, 0.5^ mm.; height,

0.31 mm.; width, 0.22 mm.

Distribution'.

Very rare in the upper part of the Fort Worth

Limestone and the lower Denton Formation.
Formation and the Weno Formation.
basal bed of the Pawpaw Shale.

Rare in the upper Denton

A single specimen was found in the

All of these formations are considered

to be upper Albian .

Remarks:

This species is similar in outline to C. plowsiana

(Chapman) from the Cretaceous of Pondoland described in 1923, though
the present species is smaller in size.
The illustrated specimen and other examples of this new species
of CythereHoidea will be placed in the H. V. Howe Collection on slides
9956 and 9957-
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U.

Cytheropteron rugosalatum Alexander, left valve, X60

119

5.

Eoaytheropteron cf. E. delrioense (Alexander), left valve,
X60
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6.

Eoaytheropteron howelli (Alexander), left valve, X60
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Eoaytheropteron paenorbioulatum Alexander, left valve, X60.... 122

8.

Eoaytheropteron pirwn (Alexander), right valve, X60
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Eoaytheropteron semiaonatriatum (Alexander), left valve, X60.. 12^
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10.

Eoaytheropteron turrridum (Alexander), left valve, X60
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11.

Eoaytheropteron sp. A, n. sp., right valve, X60
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Protoaythere alexander Howe and Laurencich, right valve, X60.. 129

13.

Cythereis aarpenterae Alexander, right valve, X60
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Centroaythere cf. C. annulopapillata Swain and Brown, left
valve, X60
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Cythereis sp. C, n. sp., left valve, X60

lU8

15.

18u

185
p l a t e

it

Figure

Page

1.

Cythereis sp. B, n. sp., female left valve, X60
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2.

Cythereis burlesonensis Alexander, male right valve, X60
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3.

Cythereis dentonensis Alexander, left valve of male, large
variety, X60
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Cythereis dentonensis Alexander, left valve of male, small
variety, X60
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Cythereis sp. A, n. sp., left valve of female, X60
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6. Cythereis sp. D, n. sp., left valve of female, X60
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7.

Cythereis sp. E, n. sp., female right valve, X60
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8.

Cytheveis hcwleyi Alexander, female right valve, X60
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9.

Cytheveis krumensis Alexander, male right valve, X60
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Cythereis frederioksburgensis Alexander, male right valve,
X60
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Cythereis mahonae Alexander, male right valve, X60
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1.

Cythereis nuda Alexander, (small variety), left valve, X60.... 136

2.

Cythereis paupera Alexander, right valve of female, X60

3.

Cythereis nuda Alexander, (large variety), left valve, X60.... 136
Cythereis sp. F, n. sp., female left valve, X60
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5.

Cythereis pustulosissima Alexander, male right valve, X60..... 139

6.

Cythereis sp. F, n. sp., female left valve interior, X60
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7.

Cythereis roanokensis Alexander, male right valve, X60
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8.

Cythereis sp. H, n. sp,, left valve, X60
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9.

Cythereis wintoni Alexander, left valve, X60
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1.

Cythereis sandidgei Alexander, left valve, X60
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2.

Cythereis sp. G, n. sp., female left valve, X60
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3.

Cythereis worthensis Alexander, var. I, n. subsp, left valve.
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Cythereis subovata Alexander, right valve of female, X60
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5.

Cythereis worthensis Alexander, female right valve, X60
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6.

Isoaytherei8 sp. A, n. sp., right valve, X60
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7.

Cythereis worthensis Alexander var. J, n. subsp., male left
valve, X60
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8. Isoaythereis (?) sp. B, n. sp., interior view of male left
valve, X60
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9. Isoaythereis sp. C, n. sp., female left valve, X60
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10. Isoaythereis (?) sp. B, n. sp., female left valve, X60
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11. Stiltina astarta Laurencich, left valve, X60
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12. Isoaythereis sp. C, var. A, n. subsp., female left valve,
X60
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13. Isoaythereis sp. C, var. A, n. subsp., female right valve
interior, X60
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1. Tiirrlriaaevia (?) sp. A, n. sp., X60
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2.

Cytherella oomandhensis Alexander, male, X60,
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3.

Cythevella frederidksburgensis Alexander, X60
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Cytherella oomandhensis Alexander, female, X60
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5. Cytherella sootti Alexander, X60
6.

Cytherelloidea reticulata Alexander, X60

7. Cytherelloidea obliquirugata (Jones and Hinde), X60
8.

Cytherelloidea sp. 1, [^Cytherelloidea Williamsoniana var.
striata (Jones and Hinde), Alexander], X60

9. Cytherelloidea sp. 3, n. sp., X60
10.

Cytherelloidea sp. 2, [=Cytherelloidea granulosa (Jones),
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Walter Paul Kessixiger, Jr. was born in Corsicana, Texas, on July
9, 1930, the son of Cleo R. and the late Walter Paul Kessinger, Sr.

He

attended the public schools of Corsicana, Texas, and graduated from high
school there in 19^7.

In September 19^7» he entered Texas Technological

College as a geology major and received the B. S. degree in 1951 and the
M. S. degree in August 1953.

He accepted a position as an Assistant

Professor of Geology at Southwestern Louisiana Institute (now the
University of Southwestern Louisiana) in November 1953.

After the end

of the spring 195^ semester, he was drafted into the U. S. Army.

He

received an honorable discharge in 1956 and returned to U. S. L. that
fall.
He began his association with the Geology Department of Louisiana
State University by enrolling in the ostracode course taught by the late
Dr. H. V. Howe during the fall semester of 1958*

For that course, and

while teaching full-time at U. S. L., he commuted from Lafayette to
Baton Rouge twice weekly over the "old" Louisiana highways which required
an hour and one-half travel time each way.

He entered L. S. U. as a full-

time student in the fall of i960 for a one year period.

After his

marriage to Dorothy Wallis in 1962, and after two sons were born, he was
persuaded to re-enter L. S. U. in 1966 and work toward the completion of
the Ph. D. degree.

The inability to further extend his leave of absence

from U. S. L., and a daughter born in 1968, temporarily delayed the
completion of this goal.
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